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Summary
Due to the rapid increase in workload, Clinical Biochemistry 
laboratories throughout the United Kingdom have experienced 
great difficulty in meeting the demands for everyday 
analyses. This has been partly met by the introduction 
of work-simplification and analytical machines.
The first section of this work describes the development 
and testing of an automatic analytical system for the high 
speed performance of routine tests. The second section’ 
deals with the special problems encountered in providing 
a method for creatinine assay. This was unsuccessfully 
attempted with the use of enzymes but the problem was later 
solved by means of a kinetic approach to the traditional 
Jaffe reaction. The third section deals with the modification 
or development of certain chemical methods for use with the 
machine.
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Glossary of terms and abbreviations 
Accuracy.
The accuracy of an analytical result is a measure of its 
agreement with the true or most likely value (Robinson, 1971)*
Automatic.
Self-acting; _working of itself (Fowler and Fowler, 1952)•
Applied' to biochemical analyses this term usually implies the 
use of a mechanised system. Automatic and mechanised are 
therefore terms used interchangeably by clinical biochemists 
to describe equipment capable of carrying out an operation 
which forms the whole or part of an assay.
Automation.
Has been defined as a mechanised or automatic system with full 
feedback control (Bagrit, 196^) the word is used improperly., by 
clinical chemists., to describe a mechanised system of analysis.
Carry-over.
This is the degree to which the result obtained is influenced 
by the concentration of the preceeding sample (Broughton,
Buttolph, Gowenlock, Neill and Skentelbery, 1969).
Channel.
The modules or components involved in one analytical method 
are collectively termed a '’channel'1. A single-channel system 
will, without modification, analyse for one constituent in each 
specimen?; A multi-channel system will carry out two or more 
analyses concurrently on the same specimen (Broughton et al.1969).
Correlation Coefficient (coefficient of linear correlation) . 
This provides, in a single figure, a measure of the magnitude 
of the linear relationship between two variables (Kelly,
1963).
Continuous Flow Analyser.
An analytical system in which samples and reagents are pumped 
continuously through tubes towards a colorimeter; bubbles 
are specially inserted into the stream to exert a scouring 
action (Mitchell, 1970). ’
- - ■ ' 5
.Discrete Analyser. .
a
An an^ytical system in which the colour reaction on each 
specimen is performed in a separate tube. These tubes travel 
on an endless belt or turntable, and automatic dispensers- add 
the reagent at stations in the specimens journey through the 
system (Robinson, 1971).
Dispenser.
A device for dispensing automatically a pre-set volume of 
liquid (Broughton et al. 1969).
’D-3001.
A dual-channel discrete-analyser with a maximum sampling rate 
of 300/hr marketed by Vickers Ltd., (Mechanical Engineering) 
Basingstoke, Hampshire.
‘M-300'.
A multi-channel version of the D-300 capable of operating on up 
to 20 channels.
pH measurements throughout this work were made at room 
temperature .using either an E.I.L. model 23A or Pye model 
pH meter.
Precision (reproducibility).
The agreement between a series of measurement of the same
quantity. When a group of identical specimens is analysed in
sequence the agreement found is the■"within - batch precision”.
The “between - batch precision" is the agreement found when
identical specimens are added to different groups, of specimens
and analysed. The precision is expressed as a standard
deviation (Broughton et al. 1969) Standard deviation 
— -—  --
SD = An ^ x ^ - (£x) (*Where N = number of analyses
J  N (N - l)  _ .. ■ ' ^v , of the same sample x = result) r
The standard deviation of a series of paired results is
calculated using the equation SD = /“£(d ) where d =
J 2 N - 1
difference between results of 2 methods N = N° of pairs. 
Precision is sometimes expressed as coefficient of variation 
which is derived by expressing the standard deviation as a 
percentage of the mean value of the results obtained from a 
group of identical specimens.
Reagent concentrations.
% values w/v unless otherwise state.
Sample.
That part of a specimen (q.v) on which the analysis is performed 
(Broughton et al. 1969). For the methods described in this 
work a sample of either serum (fluid expressed from clotted 
blood) or plasma (the clear supernatant removed from blood 
which has been prevented from clotting) is used. Whole-blood 
is not suitable for use with discrete analysers.
"Blood levels" are mentioned in some of the references to 
older methods*, where whole blood samples,were used for the 
assay and where protein precipitation was essential.
Sample contamination.
The contamination of the specimen during sampling, is 
measured as the volume of foreign material added to the specimen 
"Cross-contamination" is the volume of the preceeding specimen 
deposited in the sample cup during sampling. ^Sample diluent 
contamination" is the volume of sample diluent deposited in - 
. jthe sample cup during sampling (Broughton et.al. 1969)..
Sampler. '
A device for taking, automatically, a pre-set volume of 
sample.
Sampling rate.
The rate at which samples are taken for analysis (Broughton 
et al. 1969).
Sampler-diluter.
A device which operates automatically in a tw^ o stage sequence.
In the first stage, pre-set volumes of sample and diluent are 
measured, and in the second stage, sample and diluent are 
ejected through a common probe into a receptacle.
Tube-laundry.
This consists of a group of probes concerned with the in-situ 
cleaning of the reaction tubes of a discrete analyser on 
completion of.an analysis.
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General Introduction and Aims
The problem of rising workload in clinical chemistry 
laboratories throughout the United Kingdom is a topic 
which .has attracted much comment (Wootton, 1962; Eaton 
& Lathe, 19635 Whitby, 1963 and 196k; Northam, 1966 
and Varley 1966). The situation in the Stephen Ralli 
Laboratory, Royal Sussex County Hospital, Brighton (Fig.
1 ) reflects the general trend. It can be seen from this 
graph that requests for biochemical analysis have been 
increasing at an exponential rate since the formal 
establishment of the Department of Pathology in 1905.
It has only been possible to meet these increasingly heavy 
demands by using inventions such as the Auto-Analyzer (Skeggs, 
1957) which operates on the continuous flow principle (Fig.
2), or by the simplification of traditional manual methods.
The latter approach.,aimed at improving speed and precision 
of analysis and decreasing operator fatigue, has been aided 
by the development of new reactions which allow simpler 
assay procedures and also by the development of mechanical 
devices for handling the sample and reagents.
Any restraints previously imposed on clinicians to limit 
the number of requests was removed with the introduction 
of mechanical systems into the laboratory. As a result 
of this a new pressure area was created - that of reception 
and bulk handling of the specimens received from the wards. 
Considerable work and organisation is involved in the pre­
liminary treatment of samples for analysis, the preparation 
of worksheets for a widening variety of tests and the correct 
routing of specimens through the laboratory.
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Again mechanisation was used to provide, at least, a partial 
solution to the problem. It was soon noticeable that 
certain tests, or combination of tests, were being requested 
with much greater frequency than others. As early as 19&3,
t
Marsh commented on the increasing use by hospitals in the 
United States of America of grouped 'screening1 or 'admission' 
tests made up of those analyses most frequently asked for.
In 196*+ Anderson et al. reported that many Scandinavian 
laboratories were offering "package-deals" of tests the main 
value of which was to simplify the handling of the workload.
The same considerations motivated Gaddie, Northam and Roberts 
(1966) to recommend grouped analysis, using multiples of 
conventional single channel Auto-Analyzers arranged to sample 
from the same specimen. Skeggs and Hochstrasser (196*+) with 
members of the staff of the Technicon Instruments Corporation 
anticipated this trend and developed an eight channel Auto- 
Analyzer system requiring a single sample for all eight tests. 
However this was capable of processing only twenty samples 
per hour. From early in the 1960's therefore, there was 
developing in the larger clinical laboratory, a tendency towards 
the routine use of multiple analysis on single serum samples.
Eaton and Lathe (1963) reasonably predicting the continual 
expansion of Clinical Biochemistry at the same or an even 
faster rate than that already experienced, estimated that 
laboratories 20 years hence could expect a ten to twentyfold 
increase in work and stressed the need for urgent experiments 
in mechanisation. Against this background it was decided 
to start work on the development of a high speed multichannel 
analytical system capable of providing accurate and reproducible 
results and with a capacity sufficient to cope with the natural
expansion of Clinical Biochemistry for the next 15 to 20 years, 
On'the basis of the workload in Brighton, this would require an 
analysis rate of 200 to 300 samples per hour.
First’ consideration was given to the use. of the continuous 
flow principle but this was rejected because the maximum 
analysis rate consistent with accuracy and precision, cannot 
greatly exceed 60 samples per hour. There are several reasons 
for this : firstly, as flow rates increase the boundary layer
tends to lag more and more causing a progressive increase in 
carry-over; secondly, greater sampling frequency results in 
either smaller-size and poorer "sensitiviiry or 'relatively larger 
diluent volumes, with a •resulting decrease in dialysis time; 
finally, with the tendency of the recorder baseline to drift, 
not only because of the colorimeter but also due to changes 
in'the pumping characteristics of the tubing with time 
(Faithfull, 1972) it is necessary to include frequent standard 
blank, solutions in place of certain of the test samples.
Because of the unsuitability of continuous flow for high speed 
analysis attention was.turned to -work-simplified techniques. 
These methods make use of mechanical devices for the measurement 
and delivery of sample and reagents into the reaction vessel.
To provide a continuous system for automatic discrete analysis 
it is necessary to mechanise those intermediate operations 
.which are usually performed manually. After consideration of 
the requirements it was specified that the system (Fig 3) 
should be capable of : .
1. Handling 300 samples per hour. ^
2 . The automatic pick-up, measurement and dilution'of the 
samples and.their subsequent transfer into the reaction
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tubes which are maintained at constant temperature.
"3*; The automatic injection into the reaction tubes, at
appropriate times, of measured volumes of reagent.
. The transfer of the final coloured solution into a 
drift-free colorimeter, the response appearing as a 
square-wave peak on a pen recorder, or as printed 
figures on a digital recording device.
5« The in-situ washing of the reaction tubes after •
. completion of the assay so that the analytical process 
may be carried out repeatedly.
6 . • The positive identification of the sample with the
result.
A further important feature of work-simplification is that 
the methods employed will tolerate the presence of protein.
A survey of the literature revealed that methods not requiring 
protein removal were already available for a large number of 
day-to-day routine analyses carried out in all general hospital 
laboratories. These are discussed in the introductory 
passages to the sections on the individual methods described 
in the third part of this thesis.
Certain basic requirements of the system made.it necessary 
to define criteria for chemical methods as follows :
1. All methods must tolerate the presence of proteim
so that arrangements for its removal, which are both 
time wasting and mechanically complicated, may be 
avoided.
2. They must result in the production of a suitable 
absorbance in the visible spectrum within a.maximum 
of t&a minutes.
3* The colour should be, if possible, directly proportional 
to the concentration of assayed substance thus avoiding 
the need for electronic correction of non-linear 
absorbance plots. 
k. Sensitivity should be sufficiently high to allow use 
of only small volumes of plasma so that analysis of 
up to 20 substances may be performed on a 6 ml blood 
sample.
5. No more than four reagents should be used for any one 
method therefore keeping the number of metering syringes 
to a minimum.
6 . As far as possible methods not requiring the use of 
plasma blanks should be chosen,so that the second channel 
provided on each reaction console may be used instead 
for a further method.
7. Reagents should be stable at room temperature for at
least the duration of the batch of tests.
In some instances the chemical methods already available,
with only slight modification, fulfilled these criteria.
In others drastic alterations were necessary. In the case 
of creatinine no suitable method was available.
This thesis therefore, describes the development of a high 
speed, automatic, discrete analysis system, wedded, for the 
sake of manipulative simplicity, to techniques which require 
no protein removal. During the development work Dr,
Clifford Riley took the responsibility for the machine 'hard­
ware* whilst the author's responsibility was for the chemistry. 
There was, however, a considerable overlapping of these 
functions.
Although described separately for the sake of simplicity, 
the development of machine and chemistry were throughout 
the early part of the work considered as a whole and not 
as independent entities. In this way one was not developed 
at the expense of the other.
The first of the three sections of this thesis deals with 
the improvement of the machine from the early laboratory 
prototype through a succession of commercially produced 
prototypes. At the outset of this work no information was 
available on methods of testing the performance of discrete 
automatic machines. Suitable tests were therefore devised 
and based on their results modifications of various functional 
members were recommended. The second section is entirely 
devoted to the development of a chemical method for creatinine 
assay as this presented special problems. The third section 
deals with the development of methods for the estimation of 
substances other than creatinine.
The problems of maintaining sample identity and of simplifying 
the initial handling of samples was overcome by Riley (1966) 
in discussions with Vickers Limited and hardly came within 
the scope of this thesis.
1. Machine development
1.1 Introduction
To test the principle of automatic discrete analysis, 
as proposed in the general introduction, a single 
channel analyser was constructed by Dr. C. Riley 
(Appendix 1.). Due to the limitations of the flow 
cell of the Linson Junior colorimeter used in the 
system, the analysis rate was restricted to 60 samples 
per hour.
Initial trials of the system were made with the 
estimation of total protein in serum and plasma 
by the biuret method (Weichselbaum, 19^6). This 
method was chosen because of its simplicity, 
reproducibility and linearity up to an absorbance 
of at least 0.6 (Broughton and Riley, 1965 and 
Broughton, Riley, Cook, Sanders and Braunsberg, 1966) 
During the assay the operation of the different 
functional parts of the machine were closely observed
In the development of any analytical system it is 
essential to be able to assess, separately, the 
performance of the different components, so that 
beneficial modifications may be made to those parts 
found to be operating below an acceptable standard.
At the start of this work no scheme for such 
evaluation had been devised. Three possible 
approaches to this problem were tried and the results 
are discussed in the second part of section 1. 
Following the adjustments and improvements made to 
the system, on the basis of the results of these 
tests, the machine was again used for the estimation,,, 
of total protein. In addition the more complex 
assay of urea in serum and plasma was performed using 
the method of Fawcett and Scott, i960. Comparison 
of the results was made with those obtained on 
analysing the same samples on the Auto-Analyser.
In the final part of section 1. are described the 
experiments with a prototype machine constructed by 
Vickers Limited, together with those carried out to
determine the most suitable material for the 
construction of probes and reaction cavities.
1.2 Experiments with a laboratorv-prototype discrete 
analyser
1.2.1 Total protein estimation in serum and plasma samples 
The biuret method of Weichselbaum (19^6) was used 
for the reasons already mentioned.
Materials and Methods
'Stock1 biuret reagent was prepared by first dissolving 
•+5 g of sodium potassium tartrate and then 15 g of 
cupric sulphate (CuSOl^ 5H20) in approximately ^00 
ml 0.2 M sodium hydroxide. When solution was complete 
5*0 g potassium iodide was added and the volume adjusted 
to 1 litre with 0.2 M sodium hydroxide.
'Working' biuret reagent was prepared by diluting 200 ml 
of 'stock' biuret reagent to 1 litre with 0.2 M sodium 
hydroxide which contained 5 .0 g potassium iodide per
t
litre.
'Pathotrol' and 'Labtrol' (Dade; "control samples in 
liquid form") with a total protein content of 6 ,0 and 
7 .0 g/100 ml respectively, were used as standards 
(duplicates of 'Pathotrol' were used to calculate the 
protein content of the 1 unknown' samples and 'Labtrol* 
was used as an-additional check standard).
A solution containing approximately 30 g/1 0 0 ml bovine 
plasma albumin ('Bovumin', Ortho Diagnostics) was 
diluted with distilled water to provide a range of 
protein concentrations (Table 1.1).
In addition 'Qualtrol' (Dade; "unassayed control 
sample") and five serum samples from patients (total 
protein content also assayed using the Technicon Auto- 
Analyzer biuret method) were used in the evaluation.
Operating conditions
The laboratory discrete analyser was adjusted to take 
a sample volume of 0 .1 ml diluted with 1 .0 ml of water. 
A dispenser of the 'Zippette* type (Jencons (Scientific) 
Limited) operated by means of compressed air (Fig.
1 .1 ) was set to automatically dispense 5*0 ml of 
'Working1 biuret reagent immediately after sample 
dilution. The operating temperature was 37°G. The 
colorimeter fitted with an Ilford gelatin filter (peak 
absorbance 5^0 nm) was positioned to sample 20 minutes 
after the reagent addition. The colorimeter output 
was displayed on a 10 mv chart recorder.
Equal volumes of plasma and serum samples were poured 
into Auto-Analyzer sample cups and processed through 
the machine in the order shown in Table 1.1. The 
heights of the peaks on the recorder charts (Figs.
1 .2 ; 1 .3 and 1 .*+) were measured from the 'baseline' 
drawn through the 'reagent blank' peaks. The protein 
content of each sample was calculated from its peak 
height compared with the mean peak heights of the 
'Patho-trol* duplicates.
After assay series 1 (Fig 1.2) the samples were 
allowed to remain in the sample cups which were 
capped and stored overnight at V fe. Before repeating 
the assay (assay series 2, Fig 1.3) on the following
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day the samples were warmed to room temperature.
Assay series'3 -(Fig l.W was performed immediately 
after series 2 , but the order of samples was reversed 
in ah attempt to detect carryover.
Results and Discussion
Examples of some of the chart records of colorimeter 
response are shown in Figs. 1.2$ 1.3 and lA. Most 
of the peaks are of square wave form. Some were 
distorted by sharp spikes caused by the presence of 
bubbles in the flow cell of the colorimeter. The 
severe distortions seen early in assay series 1 (Fig
1 .2) were found to be due to a partial blockage of 
the flow cell which was soon cleared. The !blankf 
response for colorimeter samples 17 (Fig 1.3) and 
17 and 19 (Fig l.b) was due to sampling failure.
An increase in peak height was observed with each 
successive assay series (Table 1.1). Between series 
1 and 2 this was principally the result of resetting 
the colorimeter and recorder but between series 2 
and 3 it was probably because of evaporation of the 
samples. In spite of these increases, the protein 
concentrations of each sample calculated using the 
appropriate fPatho-trol! standards were not significantly 
different from series to series. The mean total 
protein value for nine 'Qualtrol1 samples (three in 
each assay series) was 6 .59 g/1 00 ml and the standard 
deviation was 0 .101 (coefficient of variation 1 .5$).
discrete-analyser,
Assay series 1 & 2 were sampled in the order listed.
Assay series 3 waso sampled in reverse order.
Assay series 1 was carried out 2h hours earlier than 2 & 3.
Series 1 Series 2 Series 3
Sample Pk.ht Total Plc.ht Total Pk.ht Total Total
cm protein cm protein cm protein protein
g % & % g % g %
Bovumin
dilutions
1. 1 in 30 1.6
2 . 1  in 15 3.1
3 . 1  in 10 ^.7
b. 2 in 15 5 .80
5 . 1  in 6 7.10
6. 1 in 5 8.1
7. 7 in 30 9.3
8. b in 15 9.9
9. 3 in 10 10.9
10.1 in 3 12.1
11 .Labtrol 10.7
12.Pathotrol 9.5
13.Qualtrol 10 tb
lif .Qualtrol 10 A
l5*Qnaltrol 10.30
l6.Pathotrol 9.5
17.Patient a 8.1
1 8.Patient b 9.1
19.Patient c 10.0
20.Patient d 10 .b
21.Patient e 9.8
1.0 ' 1.8 • 1.0
1.96 3.70 2.1
2.76 5.V 3.0
3.65 6.7 3.75
>+.5 8.b b.7
5.1 9.V 5.3
5.9 lO.if 5 • 85
6.3 10.8 . 6.1
6.9 12.if 7.0
7.6 13.1 7.35
6,75 12.if 6.95
6.0 10.7 6.0
6.6 12.0 6.75
6.6 11.9 6.7
6.5 11.80 6.6
6.0 10.8 6.1
5.i
+
+ Is. . =
5.75 10.3 5.8
6.3 11.1 6.2
6.6 11.7 6.6
A 9 n  n £ 0
2.0 1.1
3.8 2.1
5.5 .3.0
6.5 3.55
8.2 ^.5 -
9.5 5.2
10.9 5 .95
11.2 6.1
12.if 7.0
13.3 7.3
12.6 6 .9 + 7.0
11.1 6.1 + 6.0
12.1 6.6
12.0 6.6
11.7 6.if
10.8 5.9 + 6.0
+
+ Is.. = & if.if
10.3 5.65 * 5 A
+
+ Is. . = * 6.0
11.8 6.5 * 6.6
11.15 6.2 * 5.7
+ Manufacturers value. * Auto-Analyzer result.
£ Insufficient sample'. Pk.ht - Peak height.
The plot of peak height against concentration of the 
series of ‘Bovumin* dilutions was linear to a total 
protein of at least 7.6 g/100 ml (Fig 1.5).
Comparison with the Auto-Analyzer (Table 1.1) shows that in. 
four cases outiof five a higher result was obtained with the 
discrete analyser. This again is probably the result of 
evaporation during the time interval between Auto-Analyzer 
and discrete analyser assay.
Careful observation of the working parts of the machine in 
operation revealed the following sources of error s
1. Droplets of reagent and sample were carried over on 
the outside of the nylon sample probe.
2. The plungers of the sample diluent and ‘Zippette* 
reagent syringes occasionally seized.
3. Droplets of water varying in size and number were 
seen in the inner walls of the reaction tubes after 
laundry.
*+. The filling of the colorimeter flow cell was very
sensitive to variation in vacuum, this being generated 
by a filter pump run off the mains water supply.
1*2.2, Evaluation of the performance of the individual 
component parts
From the previous experiment it became clear that quantitative 
tests were required to assess separately the performance of 
the following component parts of the machine :
1. The sampler-diluter, operated by means of two adjustable 
syringes for metering the sample and diluent volumes.
The sample was picked up from its cup and ejected, with 
diluent, through the same probe, into the reaction 
tube.
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Poor results could be expected to occur through 
malfunction of either syringe or by carryover on 
the probe.
£. The reagent dispensers, operated by means * of single 
adjustable syringes. A fixed volume-of reagent was 
squirted into the reaction tube through a fine jet.
The reaction mixture was dependent for adequate 
mixing on the force of the reagent addition. Poor 
results could be expected from erratic syringe 
operation or a weak force of the reagent jet.
3. The tube laundry which washed the reaction tubes in* 
situ by successive injection and removal of distilled 
water. Errors might occur either from the inadequate 
removal of reagents from a previous reaction, or from 
the incomplete removal of the washing water.
*f. The flow cell of the colorimeter, filled and emptied
by means of vacuum, generated, as previously mentioned,
by a filter pump attached to the mains water supply.
An electrically operated solenoid-valve controlled the 
sequence of filling and emptying. Erroneous colorimeter 
readings could arise from carryover of the previous 
reaction mixture or from inadequate control, the latter
. resulting in erratic filling of the flow cell of the
colorimeter.
Assessment of the reproducibility of the mechanical performance 
of the syringes is most simply achieved by the gravimetric 
methods proposed by Vogel (1953) and Conway (1950) for the 
calibration of volumetric glassware. For the present purpose 
this involved weighing the replicate volumes of water displaced
into tared vessels. The efficiency of water removal after
tube laundry may similarly be evaluated by weighing -the tubes
re-
dry, putting them through the laundry process and thenjweighing. 
Originally.it was intended to use the gravimetric approach to 
measure the performance of all the components mentioned above. 
However,.'-when applied to the sample-diluter it was soon realised 
that the errors were not simply of mechanical origin but also 
depended on physical factors, such as the materials of construction 
and the dimensions, of, for example, the sampler probe. The 
gravimetric method took no account of the behaviour of the sample 
in normal operation. It did not adequately test carryover, nor 
was it designed to test solutions with varying specific gravity 
and with high viscosity, such as sera. Moreover, it measures 
the sample .removed, which is not the same as the sample 
discharged. .
Measurement of the absorbance of replicate dilutions of coloured 
solution also proved -unsatisfactory since errors in making 
absorbance measurements were found to be too great to allow a 
reliable check on sample dilution.
To simulate more closely the true conditions of sampling a method 
was devised using 131i - labelled serum. This was fully 
discussed with a member of a Working Party of the Laboratory 
Equipment and Methods Advisory Group and subsequently published 
without acknowledgement (Broughton, Buttolph, Gowenlock, Neill, 
and Skentelberry, 1969) •
Materials and Methods
1. Sampler-diluter evaluation (dye method)
A solution of 0.1 g/100 ml broraothymol blue in 0.1 M 
sodium hydroxide was used as sample and 0.1 M sodium
hydroxide as diluent. The sample volume was set 
at 0.15 ml and the diluent volume at 5 ml.
Sampling was made from a common pool of alkaline 
dye and the excess carefully wiped from the outside 
of the probe tip with a tissue thus reducing carry­
over.
The diluted samples were collected into separate 
clean test tubes, the probe tip being in contact with 
the wall of the test tube during delivery.
Before picking up the next sample the probe tip was 
again wiped clean. The absorbance of 2b relicates 
prepared in this way were read in a 1 cm glass cuvette 
against a water blank at 620 nm, in a Unicam SP 500.
To avoid errors encountered if it were moved, the cuvette 
was left in-situ and filling and emptying carried out by 
means of a pasteur pipette. At the end of this.procedure 
all the samples were mixed and the resulting solution 
re-read twelve times in the same manner, to establish the 
reproducibility of the absorbance measurements without 
the influence of the sampler-diluter. '
Evaluation of the influence of probe material (Gravimetric 
This technique was used to test the variation in total 
quantity of sample removed by nylon or stainless steel 
probes and to assess the reproducibility of delivery of 
the diluent syringe.
Water was used as both sample: and diluent.
Capped Auto-Analyzer cups containing water were weighed 
using an analytical balance (mean total weight 
approximately 2.5 g). Samples were removed, half with 
a stainless steel sample probe. The cups were then 
reweighed. The toal weight of fluid removed, sample 
and carryover, were calculated by difference. After 
each sampling the stainless steel probe was carefully 
wiped, the "diluted sample" was delivered into pre­
weighed tubes; these were weighed again and the fluid 
content calculated from these results.
3. Measurement of reagent dispenser precision (Gravimetric) 
The two pneumatically operated ’Zippette’ were filled 
with water - ’Zippette - I 1 was set to deliver 
approximately 2.5 ml and 'Zippette - 2' approximately 
10 ml.
Successive volumes of water were delivered from ‘Zippette 
• I 1 into a flask which was weighed after each addition 
and the weight of each amount calculated by difference. 
The procedure was repeated with 'Zippette - 2 ‘.
*f. Measurement of the extent of sample evaporation
Auto-Analyzer cups were filled to .* different levels 
with water and weighed. The weighed cups were then 
placed into the sample plate of the laboratory prototype 
analyser, as if to be analysed, but only the water bath 
heater switched on (.temperature controlled at.M+°c-).
No sampling took place. The cups were reweighed after 
1 .-75 and b hours.
'"Results and Discussion
The absorbance values of the diluted samples and pooled diluted 
samples, used in the colorimetric evaluation of the sampler- 
diluter, are shown in Table 1.2. The mean, standard deviation 
and coefficient of variation of each group, are also shown in 
the same table.
Table 1.2 Absorbance of bromothymol blue solutions diluted
on the laboratory discrete analyser.
Absorbance of replicate . Replicate absorbance readings
dilutions of the same pooled diluted solution
; 0 .562 0.562 0.563
0.568 0.568 0.568
0.560 0.562 0.568
0.570 0.55^ 0.570> •
0 .5 6 5 0 .562 , 0.568
0 .568 0.560 0 .568
0 .559 0 .569 0.568
0 .569 0 .568 0 .568
0 .568 0.570. 0.568
0 .570 0.560 ' 0.568
0.575 0 .570 0 .568
0.559 0.568 0.568
Mean 0.565 (2*+ results) 0.568 (12 results)
Standard deviation 0.0050 0.001^
Coefficient of variation 0.88 % 0.25 %
The results of the gravimetric tests to measure the influence 
of probe material on carryover and the precision of the reagent 
dispensers are shown in Table 1.3
influence of probe material on carryover and the precision 
of the reagent dispensers,are shown in Table 1.3*
Table 1.3= Reproducibility of measurement of water by
sample r-.diiuter and reagent dispensers, using 
the gravimetric technique.
Machine Component Number of Mean Standard Coefficient
Replicates Weight Deviation of
Variation {%)
Sampler-diluter 
Sampling Test
(a) Nylon probe 12 0.1151 0.001*+ 1.23
(b) Stainless steel
probe 12 0.11^7 0.0005 0.*+05
Diluted sample 
Stainless steel
probe 12 2 .6*+98 0.00J9 0.07*+
Dilution (stainless
steel) 12 1 in 23.1016 0.098 0.*+26
12 2.5558 0.023 0.9
12 10.2*+31 0.008 0.079
The results in Table l A  (illustrated in Fig 1.6) show that 
the percentage reduction in the weight of water in the Auto- 
Analyser cups increases with time. It can also be seen, not 
surprisingly, that a larger percentage loss occurs, after the 
same time interval, from those cups with a smaller starting 
volume of water.
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Table l'.V Weight and percentage of water lost from Auto-
Analyzer cups on standing
Initial weight Weight loss Weight loss % loss % loss 
of water 1*75 hr V hr 1.75 hr V hr
0.29^ 5 0.0102 0.0225
0.3399 . 0.0088 0.021V
O.VV55 0.0095 0.0228
0.V615 0.0096 0.0228
0. 362*4- 0.0096 • 0.0221
O.8V37 0.0121 0.029*4-
0.8823 0.0128 0.0315
0 M 2 2  0.0091 0.0219
O.V3V8 0.0090 0.0220
0.5035 0.0103 0.0236
O.V739 0.0193 0.0225
0.VV62 0.009V 0.0225
Two methods have so far been described for the evaluation of 
the component parts of the laboratory prototype analyser, one 
colorimetric and the other gravimetric.
The colorimetric method was used in an attempt to measure the 
reproducibility of dilution of the sample, independent of 
carryover on the sample probe. The mean absorbance of 2V sample 
was.0.565 (coefficient of variation 0.88 (Table 1. 2) .  On
checking the blank setting of the spectrophotometer, between 
samples, it was found that instrument drift had occurred.
3.V6 7.6V
2.59 6.3
2.13 5.12
2.30 V.9V
2.65 6.09
1.V3 3.V8
1.V5 3.57
2.06 V.95
2.07 5.06
2.05 V.69
1.96 V .75
2.11 • 5.0V
To investigate this the absorbance of a single pooled sample 
was repeatedly measured. The mean of the results was 0.568 
(coefficient of variation 0.25 %)• In view of this relatively 
large spectrophotometric error, the method was considered 
unsatisfactory for the measurement of reproducibility of sample 
dilution.
The gravimetric technique was used to show the influence of 
probe material on the amount of water picked up from the sample 
cups. The setting of the sample syringe was constant 
throughout the exercises, therefore the difference in 
reproducibility of water removal must have been due to carry­
over On the outside probe. In Table 1.3 it may be seen that 
the reduction in the weight of water after sampling with the 
nylon probe was greater and more variable than when the st-ainless 
steel one was used. This suggests that stainless steel is 
preferable to nylon as a material for sample-probe construction. 
The relative merits of different probe materials are investigated 
more fully later in this section.
Because the volume‘handled is much larger, diluent measurement 
makes a much smaller contribution to dilution error than 
does sample measurement (Table 1.3).
The total error in a system may be calculated using the "sum 
of squares rule” (Findlay, 195*0.
For the sampler-diluter the total dilution error =/sampling
2 ' 2 error + diluting error . Thus with the stainless steel probe
the calculated coefficient of variation of dilution = .h05^ +
0.07*f = 0.L12. The difference between this and the observed
value of O.L26 is within the limits of experimental error
(Table 1.3).
The further gravimetric measurements were made to evaluate 
the performance of the ‘Zippette1 syringe dispenser's and. to 
determine the extent of sample evaporation. The results of 
the former experiment (Table 1.3) show an eleven-fold difference 
in performance between the two ’Zippettes’. The greater error 
of ’Zippette - 1 ’ may have been due to slight friction preventing 
full movement of the plunger of the syringe or to the occasional 
•failure in seating of one of the non-return valves. Whatever 
the reason for the poorer behaviour of ‘Zippette - 1 ’ the 
uniformity of delivery of .’Zippette - 2 ’ (coefficient of 
variation 0 .0 7 9 -$)' shows the syringe dispenser is capable of a 
performance suitable for use in discrete analyser systems.
The experiment designed to show the extent of evaporation from 
Auto-Analyzer cups (Table l.L; Fig 1.6) shows this to be the 
source of difference between Auto-Analyzer and laboratory 
prototype analyser results. The percentage loss of water by 
evaporation is naturally lower when a larger volume is used in 
the Auto-Analyzer cup. This is to be expected since the 
surface area from which evaporation can take place is almost 
constant. Since standard solutions are in more plentiful 
supply than test samples, the cups containing standards are 
usually filled to a significantly higher level. It follows 
from this that the percentage increase in protein concentration 
is likely to be greater for the tests than for the standards 
and consequently leads to higher results.
Following these investigations the laboratory prototype 
analyser was compared with the Auto-Analyzer in the estimation 
of serum proteins and serum urea.
1.2.3 Comparison with the Auto-Analyzer in the estimation
of : 1 . serum, total proteins; 2 . serum urea
In preparing the laboratory discrete analyser special 
attention was paid to the following :
1. The stainless steel sampler-diluter probe was cleaned
with ether to remove grease and positioned to touch the.
wall of the reaction tube-during delivery. This 
prevents droplet formation on the probe and the consequent 
contamination of the following sample with diluent.
2. All syringe pistons and barrels were cleaned and lubricated 
with silicone grease to prevent seizure.
3. All glass non-return valves on the ’Zippette1 dispensers 
were thoroughly flushed with water to remove particulate 
matter and thus reduce seating failures.
L. After the rinsing process the excess water droplets
in the reaction tubes were swabbed out using a sponge.
The method used for the estimation of serum total protein by 
the discrete analyser v/as that described previously in Section 
1.2.1. The same reagent was used in the Auto-Analyzer N-lba 
method for serum total protein estimation.
The method used for the estimation of serum urea was that 
described by Fawcett and Scott (i960). Ammonium ion, resulting 
from the hydrolysis of urea using the enzyme urease was estimated 
by means of alkaline phenol, sodium hypochlorite solution.
For the Auto-Analyzer.estimation of serum urea the N-la method, 
employing diacetyl monoxime and ferric alum reagents was used.
Materials and Methods
1. Total serum protein
Commercial protein standards of 3*5> 5.0, and 7.0 g/100 ml 
were used for calibration.
Albumin solutions (Oxo Ltd) undiluted and diluted 1 in 
2 were placed on the sample plate in groups of 6.
To make errors due to evaporation constant, care was taken 
to fill the sample cups to the same level.
Total protein was measured on 32 randomly selected serum 
samples by the Technicon N-lLa method. The sample cups 
were covered with a perspex annulus to prevent evaporation 
and immediately on completion of the batch, were transferred 
to the discrete analyser.
2. Serum urea
•Phosphate buffer solution (pH 6.9; Watson, 1966) was 
prepared by mixing 0.1 M potassium dihydrogen phosphate 
17*5 ml and 0.1 M di-potassium hydrogen phosphate 30.0 ml. 
For use the above mixture was diluted 1 in 6 with distilled 
water.
Urease solution was prepared by dissolving 20 mg urease,
Type 111 powder (Sigma London Chemical Co.,Ltd.) in 200 ml 
phosphate buffer (pH 6 .9).
Phenol-nitroprusside reagent wras prepared (according 
to the Boehringer Biochemica Test Combination TC - UR 1595*+) 
by dissolving 10 g phenol and 50 mg sodium nitroprusside 
in 1 litre of distilled water.
Alkaline hypochlorite reagent was prepared (also according 
to the instructions with the above Boehringer Test Kit) 
by dissolving 5 g sodium hydroxide in 1 litre of 0.11 M 
sodium hypochlorite.
Urea standards . ■
A stock standard containing 1 g/100 ml water was diluted 
to provide working standards of 2 5, 5Q, 100, 200, 250 
and 300 mg/100 ml.
A trial run with undiluted standard and serum showed too 
great a sensitivity for accurate measurement of absorbance.
A preliminary 1 in 30 aqueous dilution of serum and standard 
was therefore made using a Seligson dilution burette.
Syringe settings were made to measure a sample volume of 
0.1 ml and a diluent volume (buffered urease) of 1.0 ml. 
Reagent volumes of 3 ml phenol-nitroprusside and 3 ml 
alkaline hypochlorite were dispensed by ’Zippettes' into 
the reaction rotor, 10 min (10 tubes) after sample dilution. 
The reaction temperature was . : The colorimeter was
positioned to sample 17 min after reagent addition. A 
wide band Ilford gelatin filter, peak absorbance *f80 nm, 
was used in the colorimeter. A number of sera (75) were 
assayed for urea using first the Tech'nicon N-la method 
with diacetyl monoxime reagent. As with the total protein 
assay, precautions were taken to avoid evaporation during 
sampling. On completion the batch was transferred for 
assay by the discrete analyser according to the procedure 
described.
The results showing the reproducibility of serum total protein 
and serum urea assayed by means of the laboratory discrete 
analyser are summarised in Table 1.5a. .
The coefficient of linear correlation and regression line 
equations relating the Auto-Analyzer and discrete analyser 
results are shown in Table 1.5b.
Table 1.5 a Reproducibility of serum total protein and urea
measured by the laboratory discrete analyser
Sample Number of Mean Standard Coefficient of
replicates concentration deviation variation
Protein
standard
(7 g/100 ml) 12 ' 59.9 Chart 0.1+59 0.77 %
divisions 
peak height
Oxo albumin
(protein) 2h 6 .Mf g/100 ml 0.029
Diluted Oxo 
albumin
(protein) 30 3*26 g/100 ml 0.033 1.0 fo
Pooled serum
(urea) 6 *+2.5 mg/ml 1.6 3*8 %
Table 1.5 b Comparison of discrete analyser ( x ) and
Auto-Analyzer ( y ) .
Assay Number of Range of Coefficient Regression line
samples concentrations of linear equation
correlation
Total
protein 32 ^.2 to 7.9 g/100 ml 0.933 ’ y - 0.93x'■+ 0.1
Urea 75 18 to 297 mg/100 ml O .989 y = l.OOx + 1.0
The results expressed as coefficient of variation of total protein 
(Table 1.5 a) are considerably lower than the value of 1.5 %
vx if
reported for 9 Qualtrol samples (Section 1.2.1). This noticeable 
improvement in reproducibility Is the result of improving, as 
much as possible, those parts of the machine shown to make a 
significant contribution to the total error of the system.
This underlines the importance of the individual evaluation of 
different components.
The higher coefficient of variation for the serum urea values 
(Table 1.5 a) was hardly surprising since it was calculated from 
only 6 results. Furthermore, the method is of greater chemical 
complexity and requires one more reagent dispenser than that for 
the measurement of serum total proteins.
Comparison of the total protein and urea results with those 
obtained using the Auto-Analyzer showed close correlation.
The generally higher results for serum total proteins using 
the discrete analyser may still, in part, be explained by 
evaporation. The slightly higher results for serum urea
by the Auto-Analyzer method (intercept 1.0; Table 1.5 b) are 
probably due to poorer specificity of the diacetyl monoxime 
reagent - Kenney (1962) reported discrepancies between manual 
and Auto-Analyzer result.s in certain cases with high blood urea 
levels.
The foregoing experiments with the laboratory prototype discrete 
analyser, constructed by C Riley, showed clearly the feasibility 
Of this concept for routine chemical analysis and encouraged 
further investigation and development.
1.3 Experiments with the single-channel prototype Vickers 
discrete analyser
A single-channel prototype discrete analyser, constructed 
by Vickers Ltd (Appendix 2) was built according to the 
principles established from experience with the laboratory 
prototype but with a capability of handling samples at the 
rate of 300 per hour. Chemical methodology developed on 
this and. subsequent versions of the prototype machines are 
described in Section 3 of this thesis.
The remainder of this section deals with the assessment ' 
of the prototype. For the reasons already discussed tests 
were carried out, individually, on the following :
(1) Sampler-diluter; (2) reagent dispensers; (3) tube
laundry; (*f) temperature control.
1.3*1 Evaluation of the performance of the sampler-diluter and 
the selection of materials for probe construction 
The sampler-diluter head of the early Vickers prototype 
is diagrammatically represented in Fig 1 .7 .
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This shows that two probes are involved in every 
operational cycle, one sampling whilst the other 
is transferring the previous sample,with diluent, 
into the reaction cavity. At mid-cycle point 
when the probes are at 90° from the sampling position, 
the sample syringe plunger returns to the top of its 
stroke whilst the diluent syringe plunger returns to 
the bottom of its stroke, drawing in diluent from 
the reservoir. At this point in the cycle, transfer 
ports machined into the upper stainless steel portion 
of the'head, connect the sample and diluent syringes 
to an overflow line and to a diluent delivery line 
respectively.
The overall performance of the sampler-diluter was 
tested by means of both gravimetric and radioisotopic 
techniques, the latter was introduced for the reasons 
discussed in.Section-1.2.3. The radioisotopic 
method was also used in tests to select the most 
suitable material for probe construction.
In any given technique for measuring the rate of 
decay of a radioactive substance, there is a direct 
relationship between the number of counts recorded 
and the number of disintegrations taking place.
Because of the random nature of radioactive dis­
integration, substantial inaccuracies are likely to 
occur if only a limited number of counts are made.
There is, fortunately, a simple relationship between 
the number of counts recorded and the standard deviation
.of a single observation. The standard deviation 
is equal to the square root of the number of counts 
(Tothill, 1968). This may be expressed as a fraction 
or a percentage - for example s the standard deviation 
on an observed count of 100 is 10 (coefficient of 
variation 10 %) whilst that for a count of 10,000 is 
100 (coefficient of variation 1 %) * From this it 
follows that to achieve adequate precision, when using a 
radioactive technique to evaluate machine components, 
measurement of a large number of counts is essential.
For the sampler-diluter a count of 1,000,000 (coefficient 
of variation 0 .1 %) was considered necessary.
Materials and Method s
In the preliminary experiments to test the reproducibility 
of sampling, a gravimetric method was used (as described 
in Section 1.2.2).
In later experiments radioisotopes were used. The 
sample was prepared by mixing 2 .5 ml (activity 1 .0  
rriCi/ml) of sodium iodide (^^I) solution B.P. (The 
Radiochemical Centre, Amersham) with 25 ml of pooled > 
serum. Handling, at this stage, was carried out 
using remote control pipettes and with the radioactive 
solution behind a protective wall of lead.
A 1.0 ml volume of the labelled sample, prepared in 
this way, was transferred to each of 20 Auto-Analyzer 
cups, which were then capped and weighed. Disposable 
rubber gloves were worn throughout this operation.
The sampler-diluter was ad justed to measure a sample 
volume of 0.2 ml and a diluent volume of 2,0 ml.
The radioactive serum samples were presented in turn 
to the sampler-diluter, the cups being removed 
immediately before and replaced immediately after 
sampling. Each Auto-Analyzer cup was then reweighed. 
The diluted samples were collected into tared tubes 
which were capped and weighed. Following this, the 
radioactivities were measured using a well-type crystal 
in a ^  scintillation counter (Type U.S.C., Panax Ltd.) 
with a scaler (Type 700, Nuclear Enterprises Ltd,) 
Comparison of the radioactivities of the different 
samples was made by measuring the time required by 
each for 1,000,000 counts.
To select the most suitable material for probe 
construction carryover was measured using a similar 
radioisotopic technique. The lodinated sample was 
prepared as described above but with a solution 
containing 7 g per 100 ml bovine plasma albumin 
instead of pooled serum.
A sample of 0.2 ml was aspirated by the sampler- 
diluter and was discharged with 2.0 ml of water diluent 
into a tube which was immediately capped. Water was 
then aspirated with the same probe and this discharged 
with 2.0 ml of water into a fresh tube which was 
again capped. The radioactivity of each tube was 
measured with the scintillation counter and expressed 
as the number of counts per minute. Each test was
repeated 5 times and the mean of each group of 
'readings calculated. The radioactivity carried 
over into the water sample was expressed as a 
percentage of that found in the plasma sample.
.I1*,probes were tested including a range of sizes 
of three different materials. The materials were 
PTFE, polythene and stainless steel; the internal 
diameters ranged from 0.0^" to 0 .107” and the wall . 
thickness from 0.01“to 0.0335”. At the start, 
each was cleaned with an organic solvent to remove 
dirt and grease.
Results and Discussion
The precision of sampling (measured gravimetrically) 
of the first commercial prototype discrete analyser 
is shown in Table 1.6. Faults in the mating of 
the stainless steel and teflon surfaces of the 
sampler-diluter head prevented good reproducibility. 
This was improved when soft white paraffin grease 
was used to fill the surface irregularities. k 
second head was fitted but gave worse results. 
Improvement was finally achieved (even at higher 
sampling rates) when the first head was reground 
and the two surfaces carefully lapped to remove any 
uneveness.
Table 1.6 The influence of different sampler-diluter heads
on the sampling precision of the first Vickers
prototype analyser.
Sampler-diluter Number Samples Mean Standard Coefficient
of per weight deviation of
Samples hour water (g) variation
No 1 . 10 75 0 .1916 0 .00*f 2 .1 %
No 1 + soft 
white paraffin 20 75 0 .1905 0.0015 0 .7 8 %
No 1 + extra 
soft white 
paraffin 20 75 0.1912 0.0009 0 .k7 %
No 2 20 75 0.1691 0 .006^ 3.8 %
No 2 + soft 
white paraffin 20 75 0.1873 0 .0065 3.5 %
No 1 reground 10 150 0.1873 0.0005 0.27 %
No 1 reground 10 300 0.1920 0 .0035 1.8 %
Measurements of the sampling precision of a further reground 
sampler-diluter head were made using both gravimetric and 
radioisotopic techniques and the results shown in Table 1.7V 
Due to a weighing error, it-was possible to tabulate only 19 
results for the gravimetric method.
Table' 1.7 Sampling precision (at .BOO/samples per hour) 
of the second reground sampler-diluter head. 
Gravimetric technique Radioisotopic technique .
weight sampled (g) time (sec) for 1,000,000 counts
0.2015 123.9
0.2020 123 A
0.20llf . 123.7
0.2000 123.1
0.1988 • 123.2 
0.2011 123.8
0.2009 123.2
0.1991 122.9
0.2007 123 A
0.1997 123 A
0.199^ 123.1
0.2030 123.7
0.2017 123 A
0.2035 123.6
0.2018 " 123.6 
0.202*f 123.9
0.20A  123.6
0.2030 123.7
0.2018 123.9
123.8
Mean 0.2012 123.5
Standard
deviation 0.0013 0.299
Coefficient
of variation 0.67 % 0.2*+2 %
calculated that to achieve a coefficient: of ...variation of 
less than 1 / for the complete analytical system each ' 
separate component would have to achieve a coefficient of 
variation of less than 0.5 %•
The use of vaseline on the sampler-diluter head brought the 
results-within this limit (Table 1.6) but because of the 
.impracticability of the routine use of grease in order to 
achieve the necessary degree of precision, lapping of the 
surfaces was recommended. '
A series of new heads were fitted and tested (Table 1.6) 
until one was produced which, operating at a sampling rate 
of 300/hr, gave results within the acceptable limit 
(Table 1.7).
The difference in coefficient of’variation of the gravimetr’ 
and isotopic measurements (Table 1.7) confirms that serum 
carried on the outside of the probe, although contributing 
to the weight loss of sample fluid, is not entirely 
transferred into the diluted sample.
Because of the lack of chemical resistence and the expense 
of making suitable diluter heads in stainless steel and 
teflon, other materials were considered. Currently, the 
production models have heads of glass loaded PTFE and 
glass.non-return valves control the flow of liquid to and 
from the sample and diluent syringes. This has removed 
the need for fluid transfer through machined grooves:on 
the inner surfaces of the rotating portion of the head.
Experience gained in testing sampler-diluter precision with 
the laboratory prototype analyser showed that carryover is 
influenced by size and material-of-construction of the 
probes. Systematic tests were therefore carried out to 
decide the optimum size and most suitable material. The 
results of this experiment (Table 1.8) presented graphically 
in Fig. 1.8, show that stainless steel probes are not as 
satisfactory as those of either polythene or PTFE. Of these 
two materials PTFE give the better results. It can be 
clearly seen that carryover increases with probe diameter. 
This shows that the outside of the probe contributes more 
to carryover than does the inside since the wettable outside 
area of the probe during immersion is proportional to its 
diameter. The inside of the probe cannot have contributed ; 
since the sample volume is fixed and the inside surface 
wetted by the sample will increase as the diameter decreases. 
The carryover was least with the 0.05" internal diameter 
PTFE tubing but this was insufficiently rigid for the purpose 
The best compromise was PTFE of 0.062" inside diameter giving 
a carryover of 0.26$.
Production models of the Vickers machine have been fitted 
with probes of relatively wide bore PTFE which have been 
tipped with narrow bore PTFE tubing. In this way rigidity 
is achieved and the area of inside and outside surface 
contact with sample is kept to a minimum.
Table 1.8 Relationship of probe material and dimensions 
to sample carryover
Material Probe Wall C.P.M. 1st C.P.M. 2nd % of 1st 
diameter thickness dilution dilution dilution
PTFE 0.107 0.016 238500 1997 0.81+
PTFE 0.095 0.016 231+260 1061+ 0.1+5
PTFE 0.062 0.016 2>+32l+0 671 0.29
PTFE 0.050 0.016 2^6298 1+62 0.19
Teflon '
tubing
(Vickers) O.O78 0.021 2>+l660 1211 0.50
PTFE
(Polypenco) O.O63 0.0335 21+181+0 l6l5 O .67
Stainless
steel O.O63 0.031 2>+0580 2>+l8 1.00
Stainless
steel 0.099 0.0135 237510 2577 1.09
Stainless
steel 0.0>+3 0.010 21+8010 1801 0.73
Stainless
steel 0 .0 6 0.011+ 21+7920 3171 1.3
Polythene 0 .076 0.023 21+1680 _ . 1639 0.68
Polythene 0.070 0.018 21+320 1591 0.065
Polythene 0.059 0.020 21+5260 708 0.29
Polythene O.Ql+O 0.008 21+6230 552 0.22
* C.P.M. = Counts per minute.
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«3*2' Reproducibility of the reagent dispensers
The reagent dispensers of the first Vickers prototype 
consisted of cam-operated syringes connected through 
single glass non-return valves to a reagent reservoir 
and delivery probe respectively. As the function 
of a reagent dispenser is to meter identical volumes 
of the same reagent into the reaction tube, problems 
involving carryover do not arise. For this reason 
the measurement of the reproducibility of the reagent 
dispensers is adequately achieved by the sole use of 
a gravimetric technique.
Materials and Methods
Each of the six reagent dispensers was inspected to 
detect visual faults. Most contained metal swarf
and grease in the glass non-return valves. To remove
these contaminants it was necessary to dismantle and 
clean each valve individually. Chloroform was used 
to dissolve the grease and a strong water jet to flush 
out particulate matter. After reassembly each 
component system was further cleaned by repeatedly 
dispensing detergent solution.
Evaluation of the performance of each dispenser was 
made by weighing replicate volumes of water delivered. 
This was repeated at different syringe settings, to 
see whether the volumes of fluid dispensed influenced
the reproducibility.
/
Results and Discussion
A representative example of the dispenser precision 
obtained is shown in Table 1.9
Table 1.9 Evaluation of dispenser precision at different 
settings using a gravimetric technique.
Weight of water delivered (g)
Syringe setting Syringe setting 
0.25 ml 0.5 ml
Mean
Standard
deviation
0.2595
0 .2596
0 .2593
0 .2599
0.2599
0 .259^
0 .2597
0 .2596
0.2599
0.2592
0.2603
0.2597
0 .2592
0 .2 6 0 3
0.2591+
0.2600
0.2599
0.2598
0.2598
0.2597
0.2598
0.2593
0.2597
0.00029
Coefficient of 
variation 0.11 %
0 .1+987 
0 .1+989
0.1+996 
0.5001  
0.1+993 
0.1+99 6 
0 .1+989 
0 .5002  
O.1+99I+ 
0 .1+995 
0 .1+997 
0.5000  
0 A 997 
0.5003 
0.1+996 
0.1+999 
0.5010 
0.5000 
0.5001  
O.1+999 
O .5003 
0.5006
0.1+998
0.00055
O.ll %
Syringe setting 
1.0
0.9982
0.9997
1.0003
0.9989
0.9987
1.0009 
0 .999k  
1.0007 
0.9997 
0.9997 
0.9995 
0.9997 
0.9996 
1.0001 
0 .9991+
0.9993
1.0000
0 .9997
0 .9 99 6
0 .9988
0.9993
0.9993
0.9996
0 .00063
0.003%
In the initial trials of the reagent dispensers, a marked 
variation was noticed in the volumes of fluid delivered. 
This was mainly due to the failure in seating of the 
glass non-return values due to particulate matter and 
grease.
After thorough cleaning, the reproducibility of delivery 
was so improved that coefficient of variation in the 
order of 0.1$ were typically achieved (Table 1.9) for 
syringe setting of 0.25 'and 0.5 ml. With volumes 
of 1 ml and over precision was even better. In the 
Vickers production model, a second non-return valve has
■ i .
been introduced, at each side of this reagent syringes, 
to reduce the chances of error by failures in seating 
(Fig. 1.9).
Since mixing of the reaction solutions is in part 
dependent on the velocity of reagent addition, it was 
found necessary to use tapered tips on the reagent lines 
to increase the force of the jet.
.3.3 Measurement of the efficiency of water removal 
from the reaction tubes after laundry 
The tube laundry of the first prototype Vickers machine 
consisted of two pairs of tubes, positioned over adjacent 
reaction tubes. 'One of each pair ended in a perforated 
stainless steel annulus through which distilled water 
was injected, in two pulses, into the reaction tubes.
The water supply was controlled by means of a solenoid 
valve. Removal of the water was achieved by applying
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vacuum through polythene probes which were -inserted, 
by the laundry.'actuating mechanism, through the centre 
of each metal annul us,' to reach the bottom of-the reaction 
•tubes. In this way each reaction tube was rinsed four
times. However, water droplets remaining on the walls
of the reaction tubes, after laundry, were sufficient in 
volume to contribute to the variation of results. " Final 
drying of the tubes using low-boiling water-miscible 
solvent followed an air jet-was unsuitable because of 
the resulting interference with the temperature control 
of the reaction rotor.
To overcome this problem a third probe was added to the
/* .
tube laundry, providing suction only. This terminated 
in a bullet-shaped tip of stainless steel, < .which was 
designed and machined by C. Riley, to fit the reaction 
tube fairly closely (Fig. 1.10). This was lowered into 
'the tube on its own suction line using a pulley and an 
extension of the tube laundry actuating arm to raise 
and lower it. Droplets of water were sucked from the 
walls of the tube to the hole in the centre of the 'bullet* 
face, into the vacuum tube and to waste. To break the 
vacuum, as the 'bullet1 reaches the bottom of the reaction 
tube, a groove was cut in its face to provide an air- 
leak. The tests carried out to determine the efficacy 
of this means of water removal, are described in this 
section*
Materials and Methods
Prior to testing the reaction tubes were removed from 
the reaction rotor, cleaned and thoroughly dried. Two 
methods of testing were used, one gravimetric, the other 
radioisotopic.
1. io SvCTiotk - PuonjCv^R. (&ou.e.tO v=be 
R.eMovfiL. op tAjft-rec fro m  -m£- £e^a-c*ricM
T o S > & -
A. SucrtoM. T u b e
B  v feOuu^T1
C .  & . E 6 l 3 ) U A u  W R r T g t ^  T ? R o f U = T S  ( T o  
fee Rcvu>vdj> s v  t h e  ' S i /u j e t ’^
In the gravimetric, test 22 tubes were weighed, returned
to the reaction rotor and passed through the laundry
where water was alternately added and removed. The
tubes were reweighed and the weight of residual water
calculated by the difference. This exercise was repeated
after fitting the 'bullet1 to the tube laundry.
For the isotopic test 5.0 ml of pooled serum was diluted
to 50 ml with distilled water and 0.5 ml sodium iodide
(131 j) soiution (activity 1.0 mCi/ml) added with the 
precautions already described (Section 1.3.1). As before,
the high level of activity was used to ensure adequate
reproducibility of measurement in a suitably short
time.
The reaction tubes were tested for background radioactivity 
using a scintillation counter (Section.1.3*1) • Into 
each was then pipetted 2.0 ml of the (^31 j) serum 
solution. The activity was measured over a period of 
ho sec, and again after the tubes had been through the 
tube laundry of the Vickers machine.
Results and Discussion
From the gravimetric results (Table 1.10) it can be seen 
that a 97 % reduction in the mean volume of residual 
fluid (h5.3 to 1.5 pi) was achieved by incorporating the 
suction-plunger ('bullet') into the laundry unit.
When considered against the 3*5 ®1 volume of the -final 
reaction mixture (see Appendix 3) the contribution of 
a residuum of 1.5 pi is insignificant (O.Oh %).
Table 1.10 Residual fluid in the reaction tubes after laundry 
Gravimetric method Radioisotopic method
Weight of residual water 
after laundry (mg)
•bullet1 used 
Counts in *+0 sec
Without •bullet1 With •bullet• Before laundry after laundry
29.7 O.b 129,729 58
31.9 O.k 130,798 53
57 A 0.2 130,391 b3
63 .b 1.0 131,083 20
37.5 0.7 130,^79 57
*+1.8 1.0 131,7^3 lM+
50. k 1.3 128,781 19b
33.6 1.7 131,329 131
53.3 * 130,217 9*+.
27.9 1.1 130,>+65 90
2.2 130,309 > 6
Mf.l'- 1.5 130,26^ 85
63 .6 2.k 130.^57 33
5^.1 3.7 129,930 80
59.6 1.7 130,736 23
kh.O 2.0 130,323 3^ .
50.2 0.9 130,080 3b
M+.2 1.7 130,110 2b
25.0 2.3 131,19^ b9
1 6 .7 2.9 129,968 69
83.7 2.1 130,516 f^l
Mean ^5*3 1.5 130,393 65
Range l6.7 - 83.7 0 .2 3.7
" - '
20 - 19*f
Volume
equivalent *+5*3^1 
* Result not recorded
1.5JL1
because of
2.0 ml 
a weighing
0.99 JA 1 
error due to the
loss of a flake of carbon from the bottom of the tube
during laundry
Measurement of radioactivity indicates a residual volume 
of the labelled protein solution of 0.99 pi (0 .0 5 of 
the original volume). This is a severe test of the 
• efficacy of the tube laundry since 'Na^^I is difficult to 
remove from laboratory glass-ware (Keane, 1967) and this 
would be aggravated by the presence of protein.
It may be concluded from these experiments, that the 
suetion-plunger provides an effective means of removing 
droplets of fluid from «the walls of the reaction tubes^ 
and that the reagent contamination is small. The latter 
could possibly be reduced further by the use of greater 
volumes of rinsing water.
1.3.*f Temperature control of the reaction rotor
The reaction rotor for the first Vickers prototype 
consisted of a circular aluminium block, 33.8 diameter 
.(including 3 cm of insulating material) and 8.3 cm deep. 
Reaction cavities were drilled at its periphery. A 
chemically resistant lining was provided by the insertion 
of closely fitting vitreous carbon tubes into the 
cavities. Heating of the rotor was achieved by the use 
of a heating tape wound around the outside of the block. 
Isothermal temperature control (approx 37°C) was provided 
by means of three thermostats, inserted into pockets 
drilled in radially symmetrical positions towards the 
centre of the block.
Temperature, influences not only the rate of a chemical 
reaction, but also the setting up of convection currents, 
responsible in part, for mixing the reacting solutions.
In view of this it is important that the heating of the
reaction mixtures within the cavities is rapid and between 
the cavities, is uniform.
Tests were carried out to measure the rate of increase 
in temperature when equal volumes of fluid at ambient 
temperature, were added to heated tubes of different 
materials and to tubes at different positions in the 
reaction rotor.
Materials and Methods
In the comparison of thermal conductivities, tubes of three 
materials were tested, namely : glass, vitreous carbon, 
and polypropylene. : The tube dimensions were approximately 
the same. Into each was pipetted 2 ml water at 22°c 
and each were then immersed in a constant temperature 
bath at k2,5°C.. The time taken to reach a constant 
temperature was measured.
Temperature measurements within the cavities of the 
reaction rotor were made with the use of a calibrated 
thermistor connected to a chart recorder. The rate of 
heating of the rotor from ambient to working temperature ' 
was measured with the thermistor positioned in a reaction 
cavity containing 2.5 ml of water (starting temperature 
22°C). Power to the rotor heaters and to the recorder 
chart drive was switched on simultaneously and the increase 
in temperature, with time, determined from the chart 
record.
To determine the uniformity of heating, the plateau 
temperature of water (2.5 ml) was measured in a number
of cavities in the four quadrants of the rotor. In some
-\
cavities the carbon tubes were omitted.
Reagent heating rate was measured using the thermistor 
to record the rise in temperature when 2.5 ml of water, 
at 2^°C, was injected into reaction cavities, at 36.6°C* 
Measurements were made in 20 different cavities and the 
heating rates compared.
Results and Discussion
The thermal conductivity measurements showed a plateau 
temperature of ^1•8°C to be reached in 2.0 min by the 
carbon tube, 2.5 min by the glass tube and *+.0 min by 
the polypropylene tube. Vitreous carbon was the material 
initially chosen for the tube construction because of its. 
high thermal conductivity and chemical inactivity.
However, because of the high cost and difficulty of 
manufacturing carbon tubes to a constant size, use of 
this material was abandoned. Instead polypropylene was 
used. This material is suitably chemically resistant 
and the tubes easy and cheap to manufacture. Compensation 
for the poor thermal conductivity of this material was 
achieved by making tubes with "a much thinner wall than 
was possible with vitreous carbon.
Heating measurements on the rotor showed that, from an 
ambient temperature of 22°C, a plateau of 36.6 + 0.25°C, 
was reached in 12 min. It was noted that with carbon 
tubes removal from the rotor and introduced directly 
into the aluminium cavity, there was an increase in plateau 
temperature of 1°C. Temperature was constant within the 
above limits at all points on the rotor.
Fig 1.11 illustrates the variations in the rate of heat- 
absorbed by water in the reaction cavities under the 
conditions described. The differences in plateau 
temperature between reaction cavities are negligible.
The area under each curve is proportional to the total 
heat supplied for a given period. Riley (1970) on the 
basis of a 10 min heating time and extrapolating the curves 
down to a temperature at which a reaction theoretically 
ceased (10°C for the case considered) calculated a 
coefficient of variation at 1.5 % between the areas under 
the successive curves.
In the case of creatinine, the assay of which is described 
later, the method depends for its precision on the rate 
of colour development in both blank and test. The timing 
of the method is such that the temperature of the blank 
reaction does not reach equilibrium. Any difference in 
the shape of the heating curve therefore, has a much more 
profound effect than that calculated above.
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Creatinine Assay
Introduction ‘
Calculation of endogenous creatinine clearance gives 
a rough measure of the glomerular filtration rate 
(Ganong,1965; Eastham, 1967; Houston, Joiner and 
Trounce, 1968). It is preferred by many workers 
to ureh clearance as a guide to the progress of renal 
disease (Baron, 1969) just as measurement of plasma 
creatinine is preferred to plasma urea for following 
the progress of haemodialysis (Bowden - personal 
communication). In recent years with the more wide­
spread use of renal transplantation the measurement of 
creatinine clearance has become recognised as a sensitive 
means of detecting the threat of rejection of the donor 
kidney. The growing dependance on creatinine assay 
for the assessment of renal function made it necessary 
to give priority to the development of a method for the 
Vickers analyser.
The search for a suitable method was complicated by 
the large and confused literature dating back mainly 
to the work of Jaffe (1886) . Jaffe discovered a reaction 
between creatinine and alkaline picrate which gave rise 
to a red-orange coloured solution, the nature of which 
will be discussed later. The reaction was applied by 
Folin to the estimation of creatinine in urine (190^) 
and also deproteinised blood, milk and tissues (191*0'*
It was recognised by Jaffl himself (1886) that glucose 
and acetoacetic acid give a colour with alkaline picrate 
reagent which is similar to that seen with creatinine.
Since then many reports have been made of the presence 
in blood and plasma of substances which interfere 
with the Jaffl reaction leading to erroneous creatinine 
values (Hunter, 19285 Henry, 196*f, a).
Attempts have been made to improve the specificity 
of plasma creatinine measurement in a variety of ways
1. _ By the preliminary treatment of the plasma sample
before using the Jaffl reaction:
(a) by separation of creatinine from interfering 
substances by adsorption onto Kaolin (Greenwald 
and McGuire, 1918) or Lloyd’s reagent (Gaebler, 
1930; Borsook, 1935; Behre and Benedict, 1935;
Hare and Hare, 19*+9; Roscoe, 1958; Owen, Iggo,
Scandrett and Stewart, 195*+) or by using the ion 
exchange resin Dowex 50 W (H) (BDH), (Polar and 
Metcoff, 19^5; Stoten, 1968).
, .(b)'by chemical destruction of the interfering
substances with eerie sulphate (Kostlr and :.on 
Rlbek, 195O; Kostir and Sonka, 1952) or iodine
(Taussky, 1956).
(c) by specific degradation of creatinine in one half 
of the sample (for use as a blank) by means of 
bacterial enzymes (Miller and Dubos, 1937;
Miller, Allinson and Baker, 1939; Owen et al., 
195*0.
2. By the "specific" destruction of the coloured 
creatinine picrate complex (after recording its 
absorbance) by means of acidification, to provide 
a sample-blank (Slot, 1965)*
By means of alternative reactions
(a) 3 i5-dinitrobenzoate was used as an alternative 
to picrate by Langley and Evans (1936) and 
Benedict and Behr (1936).
(b) a nephelometric method using Nessler’s reagent 
was proposed by Barclay and Kenney (19^7).
(c) a two-stage reaction was proposed by Van Pilsum, 
Martin, Keto and Hess (1956). This was later - 
used by Martinez and Doolen (i960) and Cooper
and Biggs (19.61). In the first stage, conversion 
of creatinine to methylguanidine was brought 
about using o-nitrobenzaldehyde. The equation 
proposed by Van Pilsum, Martin, Keto and Hess 
(1956) for the reaction is as. follows •
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. estimating the metkylquanidine by tha Sakaguchi 
reaction with et -naphthal and sodium hypochlorite.
(d) Stelegens (1953? a and b) suggested complexing 
creatinine with potassium mercury rhodanide and 
using diphenylthiocarbazone (dithizone) for colour 
production.
(e) the reagent 1 :*+ naphthoquinone sulphonate was 
synthesised by Sullivan and Irreverre (1958) 
and claimed by them to give a highly specific 
coloured complex with creatinine.
By the isolation and measurement of the Ultraviolet 
absorption of creatinine at 235 nm. For this 
purpose Adams, Davies and Hansen (1962) used 
ion exchange resin Dowex 2, McEvoy-Bowe (1966) 
used DEAE-Sephadex and Sinha and Gabrieli (1969) 
used Sephadex G-10.
At first sight none of the above methods appeared 
to be suitable for use with the Vickers analyser, 
either because of the need for protein removal 
or the use of adsorbants, ion exchange resins or 
Sephadex.
An idea for a possible approach to the problem 
came from a paper by Szulmajster (1958).
Szulmajster, investigating the degradation of 
creatinine by anaerobic bacteria, isolated a 
creatinine-splitting organism from sewage which 
he tentatively identified as Clostridium para- 
out rificium. From a culture of this organism 
he isolated the enzyme ’’creatinine desimidase”
to in d ammonia
He proposed the following equation for the reaction
and stated that the conversion of creatinine to 
N-methylhydantoin and ammonia was almost quanti«: ‘ 
tative.
A method for the estimation of ammonia in the 
presence of protein using the Berthelot reaction 
has been described by Fawcett and Scott (I960), 
Therefore, with the development of the conditions * 
for the above reaction to ensure a quantitative 
yield of ammonia from creatinine, it seemed that 
a method could be developed which would,at the 
same time, ensure specificity and protein-tolerance
Enzvmic approach to creatinine assay
To investigate the feasibility of the enzymic approach, 
cultures of Clostridium were purchased. The investigations 
involving these and other cultures are described in the 
following section.
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.2.1 Culture of anaerobic organisms with pilot experiments 
to test their creatinine-splitting activity
Materials and Methods 
. Clostridium para put rificum strains 17796 and 1786*f were 
purchased from the American Type Culture collection and 
further cultured by Mr. D. J. Flowers in the department 
of Bacteriology, Royal Sussex County Hospital. The 
medium used contained: 0.5 % Dextrose broth (Oxoid CM 175)
1 litre; Malt extract (Oxoid L 39) 1 g; Creatinine 1 g; 
a solution of Sodium Sulphide (10 % 'NajpS 9 ^ 0  in water)
'3 ml;'“ and a saturated solution of Phenol Red, 1.5 nil.
 -The pH of the final medium was 7*0. The cultures were
grown in conical vessels in anaerobic jars incubated at 
37°C for *+8 hours.
The bacteria were harvested by centrifugation and washed 
in isotonic saline solution to remove excess creatinine.
The cells were then resuspended in a small volume of 
isotonic saline solution.
Pilot experiment (1)
The aim was to assess the creatinine-splitting activity. 
Pooled serum was used as the source of creatinine so that 
the effect of protein could be observed at the same time 
as studying the ability of the organism-to split creatinine. 
Reaction mixtures were prepared as shown in Table 2.1. 
Creatinine levels were estimated by the Auto-Analyzer 
N-ll-a method which employs alkaline picrate (Jaffe) 
colour reagent to assay creatinine in the serum dialysate.
Table 2.1 Content of reaction tubes
Tube . 
No.
Culture
No.
Volume of 
saline/ml
Volume of bacterial 
suspension
Volume of pooled 
serum/ml
1 0.2 •w m m 1.0
* 2 -- 0.2 -- 1.0
3 1786^ 0.1 0.1 1.0
b 1786*+ — - 0.2 1.0
5 17796 0.1 0.1 1.0
6 17796 0.2 1 .0
* Specimen refrigerated for 2b hours
Pilot experiment (2)
The aim was to assess the creatinine-splitting activity 
of carefully washed, ‘disrupted1 bacterial cells, at pH 8.5 
instead of incompletely washed, intact cells, at pH 7*0.
The cultures of Clostridium paraputrificium were pooled, 
thoroughly washed with isotonic solution to remove excess 
creatinine. In an effort to encourage measurable 
creatinine-splitting activity, it was considered desirable 
to free the enzyme from the bacterial cell envelope.
The centrifuged bacterial deposit was therefore ground 
with powdered glass in a tissua,vgrinder (Gallenkamp Ltd.) 
which was attached, by means of a rubber sleeve, to the 
spindle of a centrifuge rotating at 500 r.p.m.
The cells treated in this way were suspended in phosphate 
buffer 0.05 M, pH 8.5 and centrifuged at 2,000 r.p.m 
to remove the powdered glass. This method of disrupting 
bacterial cells is inefficient but there was no alternative 
available at the time. The reaction tubes were prepared 
as shown in Table 2.2. .
Table 2.2 Content of reaction tubes
Reaction Phosphate Water Saline Cell Aqueous Pooled 
tube buffer (0.5M (ml) (ml) Suspension creatinine serum
pH 8.5) (ml) standard (ml)
(3mg/100ml)
(ml)
Blank - 3
Blank + 3
Standard - 3
Standard + 3
Pooled
serum (1) - 3
Pooled
serum (1) + 3
Pooled
serum (2) - 3
Pooled
serum (2) + 3
0.5
0.5
0.5
0,5
0.5
0.5
0V5
.2
2
2
2
0.5
2
2
All the tubes were covered with ‘Parafilm1 and incubated 
at 37°C for two hours. To detect evidence of creatinine- 
splitting activity in the reaction mixtures, the following 
method was used (based on the methods of Miller et al.
1937 and 1939)* After incubation protein was precipitated
by mixing each of the reaction mixtures with 2 ml 
5 f° sodium tungstate and 2 ml 0.33 M sulphuric acid.
The mixtures were centrifuged and b ml of supernatant 
fluid transferred to clean test tubes. To each of the 
tubes was added 1 ml of saturated picric acid solution, 
followed by 1 ml of 2.5 M sodium hydroxide. After 
mixing the tubes were allowed to stand for at least 10 
minutes, after which time the absorbance of each solution 
was measured at 500 nm against water in 1 cm glass 
cuvettes, using a Unicam SP 1^ +00 colorimeter.
Results and Discussion;
The results of Pilot experiment (1) (Table 2.3) show that 
a higher level of creatinine was detected in those samples 
which had been incubated with bacteria. This suggests 
that the bacteria were not washed sufficiently to remove 
creatinine from the culture medium.
Table 2.3 Creatinine levels after incubation of serum with 
~ saline and Clostridium paraputrificium
iTube No. Volume of bacterial Creatinine content
suspension (ml) ' (mg/100 ml)
0.8
0.8
0.1 1,9
0.1 2.1+
0.2 2.9
0.2 2.5
1
2
• 3
5
*6
The extent of creatinine contamination suggests that the 
bacteria in the culture medium were not substanially 
breaking it down. A second pilot experiment was planned, 
in which the bacterial cells were more thoroughly washed 
to remove all traces of creatinine from the culture medium 
and in which disruption of the cell envelope was carried 
out with a view to encouraging enzymic activity. The 
results (Table 2.^) show that there was a slight reduction 
in the absorbance of the creatinine
Table 2 . b  Absorbance values of the reaction mixture after
standard solution after incubation with Clostridium. 
paraputrificum. The difference,however, is within the 
range of variation experienced when repeatedly reading 
the absorbance of the same solution in the SP l^OO color­
imeter. No decrease in absorbance was observed with
protein removal and reaction with alkaline picrate
Reaction tube Absorbance Absorbance after blank 
subtraction
Blank 0.31
Blank +
Standard
0.31
0 .5 2 0.21
Pooled serum (l) - 0.
Standard + 0 .50
O.bb
0.19
0.13
0 .1 6Pooled serum (1) + 0.^7
Pooled serum (2) - 0.56
Pooled serum (2) + 0.56
0.25
0.25
eirner serum sample; m  ract a si 1 gilt Increase was 
observed in pooled serum (1) after incubation with the 
cell suspension. It was concluded that there was no 
significant creatinine breakdown by the Clostridium 
culture. -
In  the hope of more rewarding results it was decided:*
1. to modify the culture medium to encourage more active 
growth and creatinine-splitting activity of 
Clostridium paraputrificum
2. to search for a suitable creatinine-splitting aerobic 
organism
3. to search for an alternative anaerobic organisms 
capable of breaking-down creatinine
2.2.2 Trial of alternative culture media and a search for 
alternative creatinine-splitting anaerobes *
. In an attempt to improve the growth characteristics 
and encourage creatinine-splitting activity of the 
Clostridium paraputrificum (Section 2.2.1) three culture 
media were prepared in the Microbiology section of the 
department of Biological Sciences of the University of 
Surrey. The first of these media was made according 
to the method of Szulmajster (1958a) and will be referred 
to as "Szulmajster medium". The other two were developed 
in the Micrbiology section, one containing sodium 
thioglycollate, the other not. These will be called 
"Thioglycollate" and "Surrey" media respectively.
Due to the lack of success with the organisms from the 
American Type Culture collection, attempt was made to 
obtain a viable culture of Clostridium paraputrificum
* Thanks are due to Miss Theresa Murray (the Microbiology section 
of the department of Biological Sciences, University of Surrey) an 
to Mrs Ann Cunningham (Wolfson Bioanalytical Centre,University of 
Surre ' for th 1 r n *'■ a ■ ' '• * ^
from'J. Szulmajster. In reply, Szulmajster (1970) 
expressed regret at being unable to supply the culture 
but stated that there should be no difficulty in isolating 
the.organism from sewage. Attempts were, therefore, 
made to isolate either Clostridium paraoutrificum. or 
a suitable alternative, from a variety of likely sources.
Materials and Methods
'Szulmajster medium1 was prepared according to the method 
of Szulmajster (1958,a).
'Surrey medium1 was prepared by dissolving : creatinine 
2.0 g; yeast extract (Difco powder) 0.25 g; Na2HP0l4-9
1.2 g or Na2H P ^ 1 2 H 20, 3.0 g; KH^O^, 0.8 g; MgSO^- 
7H20, 0.2 g; Fe So^- 2H20, 0.005 g; Mn SO^- V^O, 0.005 g
Na Mo .O,-2H 0, 0.005 g; in 1 litre of distilled water 
4- 2
(final pH = 7.1).
'Thioglycollate medium1 was prepared as for the 'Surrey 
medium' but with the further addition of 0.5 g sodium 
thioglycollate. The addition of sodium thioglycollate 
brings about a negative oxidation-reduction potential 
(Eh about - 0.2V). This permits anaerobic bacteria to 
be grown in the presence of air (Wilson and Miles, 1966).
Robertson's cooked meat'medium was prepared from fresh meat 
(Cruikshank, 1968) and from compressed meat tablets (Oxoid) 
The medium was bottled in universal containers which were 
boiled with their caps loosened to drive off dissolved 
oxygen. Enrichment medium was prepared by adding to 
the 'Thioglycollate medium1 1.0 g of Agar (to provide a 
semi-solid medium to prevent convection currents which mix 
oxygen with the medium) and O.OO^f g of phenol red
(added to provide a simple means of screening for the 
presence of an enzyme which releases ammonia .from 
creatinine: any alkaline change of pH due to ammonia
formation, results in a colour change to pink, in the 
immediate vicinity of the colonies). The final pH of 
this medium was 7*1 without adjustment. The medium was 
bottled in universal containers in aliquots of about 5 nil, 
with a liquid paraffin seal of 1 cm depth poured onto the 
top.
Cultures 'Szulmajster1; .'Surrey'; 'Thioglycollate' were 
grown by inocculating the respective media with viable 
Clostridium paraputrificum from the American Type Culture 
collection and incubating at 37°C for ^8 hours.
Each culture was centrifuged in a refrigerated centrifuge 
atl8,000 r.p.m, washed with and suspended in isotonic 
saline solution and disintegrated using a Dawe Soniprobe 
Type 1130 A (Dawe Instruments Ltd) operating at 20 Kc/sec 
and 150 watts. To ovoid destruction of the enzymes by 
over heating, the cell suspension was kept in an ice bath 
and the soniprobe switched on for three periods of two 
minutes, time being allowed between,for adequate cooling 
to occur. Microscopic examination showed that after a 
single period of ultrasonic treatment only 50. 1° of the cell 
were disintegrated but with three.periods 95 % destruction 
was achieved. The cell stroma was removed by centrifuging 
and the cell-free extract used in the incubation mixtures.
To test the creatinine-splitting activity of the cell-free 
extracts the foilowing reaction mixture (final pH 6 .7) 
was incubated at 37°G: 0.1 ml, creatinine (0.02 M); 0.2 ml
cell-free extract; 0.2 ml p,|3 -dimethylglutarate (0 .2 5 M ) 5
Blank reactions were carried out by replacing the 'creatinine 
solution with water. The standard creatinine solution 
(0.02 M) was also incubated with 0.2 ml water replacing 
the cell-free extract.
The level of creatinine was measured after 15. min as 
follows :
A 0.1 ml aliquot of each of the reaction mixtures was 
pipetted into 2 ml of saturated picric acid to which was 
then added 0.3 ml of 10 % sodium hydroxide followed by 
6 ml of water. After allowing 20 min for colour 
"developmentthe absorbance was read at 520 nm against a 
reagent blank which contained water instead of reaction 
mixture. At the same time ammonia production was measured 
as follows :
A 0.1 ml aliquot was pipetted into 5 ml of phenol reagent 
(0.106 M phenol; 0.00017 M sodium nitroprusside) to which 
was then added 5 nil of alkaline hypochlorite reagent 
(0.11 M sodium hypochlorite; 0.125 M sodium hydroxide). 
After 30 min at room temperature the colour was measured 
at 620 nm against a reagent blank with water replacing 
the reaction mixture.
In an attempt to isolate alternative creatinine-splitting 
anaerobes, the Robertson's medium was inoculated with 
the following samples : faeces of rabbit, rat, guinea-
pig, pig, goat, cow and horse, human crude sewage, compost 
and mud, and water from ditch and pond. Cultures were 
heated to 80°C to encourage spore formation and kill 
those organisms not capable of sporulation, and then 
incubated at 37°G. Bacteria grown in this way were
subcultured into the semi-solid enrichment medium and 
incubated anaerobically at 37 C°for 2k hours. Any 
cultures that gave an alkaline reaction were transferred 
. to the Microbiology Section of the Department of Biological 
Sciences of the University of Surrey, where they were 
further subcultured in an attempt to achieve an enriched 
culture of the organisms responsible.
Results and Discussion
The results of the assays for creatinine and ammonia, 
carried out on the reaction mixtures containing the cell- 
free extracts from the 'Szulmajster1, 'Surrey' and 
'Thioglycollate' cultures, are given in Tables 2.5 and 
2.6 respectively.
Table 2.5 Creatinine content of incubation mixtures. The values 
represent absorbances in the Jaffe reaction for
. v
duplicate incubation
Standard 'Szulmajster* 'Surrey* 'Thioglycollate*
Blank Test Blank Test Blank Test
0.2^ 0.01 0.23 0.03 0.26 O.Ob-5 0.30
0.23 0.01 0.23 0.03 0.27 0.0^5 0 .2 9
Table 2.6 Ammonia content of incubation mixtures.
The values represent absorbances in the Berthelot
reaction for duplicate incubations
*Standard .'Szulmajster* 'Surrey* 'Thioglycollate'
Blank Test Blank Test Blank Test
0.38 2.05 2.1 0.13 0.10 0.25 0.12
0 A 3  '1.9*+ 2 .0 8 0.10 0.10 0.01 0 .1 6
* Standard for the Berthelot reaction = 0.2*+ " mole NH‘ +
creatinine breakdown, nor did the Berthelot reaction show 
.any ammonia production. This highly sensitive method 
showed high blanks in two instances, presumably due to 
contamination. . Cultures produced in the different growth 
media were similar in their ineffectiveness.
Attempts to isolate a creatinine-splitting anaerobe from 
faecal and other material proved unsuccessful.
2.2.^ Isolation and study of a creatinine-metabolising aerobe
The failure to isolate or grow anaerobic bacteria capable 
of measurable creatinine-splitting activity prompted the 
search for a suitable aerobic organism. Such an organism 
(Pseudomonas putida) was isolated from the water of a 
puddle in the vicinity of the Department of Pathology of 
the Royal Sussex County Hospital. In this section are 
•described the conditions for growth; experiments to decide 
on the treatment of the cells and the incubation conditions 
most likely to result in the maximum creatinine-splitting 
activity; an attempt to determine the pathway of creatinine 
degradation by the organism.
Materials and Methods 
Culture media
A liquid culture medium was prepared by mixing the following 
750 ml of phosphate, buffer, 0.2 M in tap water (pH 7A)
250 ml tryptone water (oxoid CM 87) 1 g of glucose and 
2 g of creatinine.
A solid culture medium was prepared by dissolving, with 
heat, 1.5 g of agar per 100 ml of the above liquid medium.
The medium was poured, whilst hot, in shallow layers, in 
large diameter petri dishes.
Isolation of creatinine-splitting organisms 
Samples of puddle water and soil from the vicinity of the 
Department of Pathology of the Royal Sussex County Hospital, 
were inoculated into the liquid culture medium and incubated 
for 2k hr at 3?°C.
The creatinine-splitting activity of the resultant cultures 
was tested by pipetting aliquots into solutions containing 
200 mg creatinine per 100 ml of 0.2 M phosphate buffer 
(pH 7.0) and incubating at 37°C for 2k hr. After incubation,
0 .2 5 ml portions of these solutions were mixed with 5 nil of 
saturated picric acid, 1 ml of M sodium hydroxide and 20 ml 
of water. The absorbance of the resultant colour was 
compared with that produced by 0 .2 5 ml of the uninoculated 
creatinine-phosphate solution treated in the same way. 
Measurements were made in a Unicam SP 1^ -00 absorptiometer 
at 500 nm using 1 cm glass cuvettes.
Culture of organisms
Culture of isolated creatinine-splitting organisms were made 
either by inoculating the liquid culture medium or by flooding 
the solid culture medium with an aliquot of a liquid culture* 
and incubating at 37 C for 2k hr under aerobic conditions. 
Harvesting of organisms
Organisms grown in the liquid medium were harvested by 
centrifugation in a refrigerated centrifuge (MSE high speed 
l8) at 18,000 r.p.m. The packed bacterial cells were 
washed three times with 0.1 M phosphate buffer solution 
(pH 7*5) and resuspended in 25 ml water or 0.25 M phosphate 
buffer solution (pH 7*5)* Organisms grown on the solid
medium were gently'scraped from the surface of the agar 
with the edge of a microscope slide and suspended in 0.1 M 
Phosphate buffer, centrifuged, x^ashed and resuspended as 
above.
The supernatant fluid from the centrifuged bacteria x^ as 
concentrated to 10 misusing a UM10 Amicon diaflow filter) 
and tested for enzyme activity using the Jaffe reaction 
before and after incubation at 37°C with a creatinine- 
containing medium. Ho enzymic activity was detected, hence 
the supernatent from subsequent cultures was discarded. 
Disintegration of cells
The cell suspension was divided equally and three methods 
of cell disintegration were compared :
1. Ultrasonic disintegration as previously described 
(2.2.2)
2. Disintegration by subjecting the frozen cells to intense 
shearing stresses using the ‘X-press* (Biotec Ltd)
25 ml model.
,By the !X-press* method frozen cells are forced at 
high pressure through, a small orifice. This causes 
a change in the crystalline structure of ice and a 
rapid contraction and expansion of the frozen material 
ensuring efficient cell disintegration.
The cell suspension was introduced into the metal 
cylinder of the press, the ends stoppered with rubber 
bungs and the whole immersed in a coolant of ethyl 
alcohol and 'Cardice* to reduce the temperature to 
minus 25°C. At this temperature the sample was 
subjected to a pressure of 2,000 Kg/sq.cm by means
' or a metal piston wnien forced it through the orifice 
in the metal septum dividing the two identical cylinders 
of the press. Under these circumstances the cells are 
subjected to tremendous shearing stresses. The cells 
were subjected to further pressings in this way simply 
by reversing the cylinder and applying pressure through the 
plunger at the opposite end. Four pressings were carried 
out.
3. The method of acetone drying in which the cell suspension 
was poured into five volumes of acetone, previously cooled 
to a temperature of minus 10°C and stirred until 
coagulation occurred. The coagulum was collected on 
a Buchner funnel and washed with cold acetone followed by 
ether and finally dried. The final air dried sample was 
weighed. For use, the dried cells were suspended in 
water or buffer solution to give an approximate concentration 
of 33 mg cells /ml.
Assay of enzymic activity
The incubation mixture (pH 8.5) was prepared by mixing 0.2 ml 
cell homogenate; 0.2 ml phosphate buffer, 0.25 M (pH 8.5),
0.1 ml creatinine solution, 0.1 M (10 y  moles in final reaction 
mixture).
Reactions were carried out (a) without incubation and (b) with 
incubation at 37°C. Parallel estimation of creatinine, using 
0.1 ml incubation mixture and of ammonia, using 0.02 ml of the 
mixture, were carried out (as described in Section 2.2.2) by 
the Jaffe and Berthelot reactions.
Determination of optimum:pH
In order to determine-:.the optimum conditions for 
enzymic activity, incubation mixtures were prepared using 
different buffer solutions covering a range of pH values. 
Phosphate buffer 0.25M (pH 7°0, 8.0 and 8.5) and Tris 
(Iiydroxymethyl)-methylamine (Tris) buffer 0.25 M (pH 7.0,
8.0, 8.5 and 9.0) were mixed with an aqueous suspension 
of aqueous creatinine standard (10 p. moles creatinine) to 
give a final buffer strength of 0.1 M, Incubation was 
carried out at 37°C for 60 min in the case of the phosphate 
buffer and 120 min in the case of the Tris.
At the end of the incubation period, aliquots(0.05 ml) o f  
the incubated reaction mixture (b) were removed for the 
estimation of creatinine by the Jaffe reaction and (0.02 ml) 
for the estimation of ammonium ion by the Berthelot reaction 
Unincubated samples (a) were also assayed for creatinine 
and ammonium ion together with blank samples (b) in which 
the creatinine standard was replaced by water.
A further series of tests were performed at pH 6.5? 7-0.
7.5 and 8.0 using N-Tris-(hydroxymethyl)-methyl-2-amino- 
sulphonic acid (TES) buffer. This time the conditions 
were such that the final buffer strength was 0.02 M and 
the creatinine content 2 ji moles but the cell concentration 
remained the same. Incubation was again for 120 minutes 
at 37^C, after which time creatinine ammonia were estimated.
The effect of ^buffer type on the Berthelot reaction 
Incubation mixtures with Tris and TES buffers were found 
to give no colour with the Berthelot reaction. To determin 
whether this was due to chemical interference with the 
reaction, by the buffers, the following experiments;j were 
carried out'; ;
were mixed with equal volumes of water (blanks) or aqueous 
ammonium-sulphate solution containing 10 and 20 p. moles/ml 
(standards). The final buffer strengths were therefore
0.1 M and the ammonium sulphate concentration 5 and 10 
p moles/ml. Control solutions, prepared‘by mixing the 
ammonium sulphate standards with water instead of buffer 
solutions, were used for comparison. For the Berthelot 
reaction 0.01 ml of the above solutions were mixed with
2.5 ml phenol-nitroprusside reagent and 2.5 ml alkaline- 
hypochlorite reagent and incubated for 30 min at 37°C.
The resulting blue colour was read in 1 cm glass cuvettes 
against water at 620 nm.
Identification of the products of bacterial degradation 
of creatinine
The reaction mixture of buffered bacterial supernatant 
and creatinine was examined by thin layer chromatography 
in an attempt to identify degradation products. The 
chromotropic acid method of MacFadyen (19*+5) was used in an 
attempt to detect formaldehyde.
Thin layer chromatography
Chromatography was performed on 0.25 nm layers of cellulose 
powder MN 300 without binder (Macherey Nagel and Co., 
Germany). Reference standards of the following substances 
were prepared : glycine, methylglycine (sarcosine),
guanidinoacetic acid (glycocyamine), creatinine, creatine, 
hydantoin and urea by dissolving 0.2 g of each in 100 ml 
10 % v/v isopropanol/water.
w o . ^ «w pj. u-l unu stanaaras ana iu jii or the 
supernatant from an incubation mixture (using phosphate 
buffer pH 8*0) were spotted on to thin layer plates at 
2 cm intervals and 1 cm above the base. A line 12 cm 
from the bottom of the plate was scratched across the 
cellulose layer to ensure an even solvent front.
The solvent system consisted of a monophasic mixture of 
120 parts n-butyl alcohol, 30 parts glacial acetic acid and 
50 parts water (Smith, 1958 a).
The plate was placed in this solvent and allowed to develop 
up to the 12 cm line, when the plate was removed from the 
tank, air dried and returned to develop for a second period 
in the same direction, in order to achieve better resolution 
(Schweiger, 1962).
The following location -.reagents were used (Smith, 1958 b) ;
1. Ninhydrin 0.2 % in acetone with 2 % v/v pyridine added 
just before use.
2. Pentacyanaquoferriate reagent (PCF)
(a) Sodium hydroxide 10 % aqueous solution 1 vol. 
Potassium ferricyanide 10 % aqueous solution 1 vol 
Sodium nitroprusside 10 % aqueous solution 1 vol. 
Water 9 vol.
(b) Acetone 12 vol.
Freshly prepared solutions for reagent (a) are mixed 
in equal proportions and the colour allowed to change 
from the immediate red to a light yellow or yellow- 
green in about 20 min before diluting with water as 
shown. Although solution (a) is stable at for
many months the final spray reagent with acetone must 
be mixed only just before use. This reagent gives
red or orange colours with arginine, glycocyamine and 
creatine.
3. Diacetyl reagent
(a) 1-naphthol 1 % 5 in 8 % aqueous sodium hydroxide 
1 vol.
(b) Diacetyl 0.1 % aqueous solution 1 vol.
The two reagents are mixed just before spraying and 
the chromatogram heated to 100°C for five min to 
develop the purple-red spots which show presence of 
arginine, glycocyamine, creatine and creatinine.
*f. Ehrlich reagent
p-Dimethylaminobenzaldehyde 10 % in concentrated 
hydrochloric acid 1 vol.
Acetone - i ^ vol.
Colours with this reagent appear within 20 min in the 
cold, urea producing a yellow spot.
Results and Discussion
An organism, isolated from puddle water, was found to 
exhibit creatinine-splitting activity. Incubation of 
aliquots of the actively growing culture with a solution 
of creatinine in phosphate buffer, as described under 
materials and methods, caused a reduction in creatinine
content of 60 and 67 % (calculated on the basis of a
reduction absorbance in the Jaffe reaction, compared with 
an uninoculated solution; Table 1.7)- The difference in 
percentage of creatinine removed was probably due to a 
difference in the bacterial content of the aliquots of 
culture added.
The organism was identified as Pseudomonas nutida by Dr. 
Margaret S. Hendrie (Ministry of Technology, Torry Research 
Station, Aberdeen) who made the following report :
L±on 01 Liie rsueaomoiias culture received irom 
D'.J .Flowers, Department of Pathology, Royal Sussex County 
Hospital. Brighton 7.
MORPHOLOGY (Oxoid CM3/2 days/20°C) -Gram -ve, short medium 
rods, straight axis, round ends,// sides, singly regular, 
polar staining in some cells. Motile.
• COLONY DESCRIPTION (Oxoid CM3/2 days 20°c) - Off-white, 
translucent, convex, smooth shiny, entire, circular, 0.5- 
1*0 mm diamter, good growth.
GROWTH IN LIQUID MEDIUM (Oxoid CK1/2 days/20°C) - Pgllicle 
(?), sli-ghtly turbid, small off-white deposits, good growth.
TEMPERATURE "RANGE JLgC >  37°C (no growth at 5 °C, J+2°C 
and *f5°C) ’
BIOCHEMICAL TESTS (All tests carried out at 20°C
Fermentation of sugars - no acid produced from lactose, 
sucrose, mannitol, maltose, starch and glycerol; a small 
amount of acid was produced from glucose but this disappeare 
after 2 days.
Catalase : + Oxidase (Kovac’s) : weak +.
Urease : + v . Citrate utilisation : good
growth overnight. 
Arginine : + Ornithine and lysine : -
Nitrate : no reduction.V.P.,M.R. -
Indole : - Gelatin stab : no liquefactio
Starch agar: no hydrolysis.
Gelatin agar ; no hydrolysis 
Litmus milk: slightly alkaline.
NH^ from tryptone +
Hugh & Leifson1s Medium :
(Glucose( Oxidative 
King's Medium A : -
Medium B : green fluorescent
Egg yolk agar : +ve growth
: -ve opalescence
: -ve lipase
Antibiotic Sensitivity : insensitive to penicillin and
0/129; sensitive to streptomycin and polymyxin B; only 
slightly senstive to chloramphenicol.
CONCLUSION : From the above results the organism C3 would
appear to be Pseudomonas outida. ”
Table 2.. 7 Creatinine content of creatin Phosphate' buffer
solutions after incubation m  til organisms, from 
puddle water.
The values represent absorbance in the Jaffe reaction
Absorbance % of reference
absorbance
Uninoculated reference 
solution 1.70 
0.68
100
Sample
Sample
bo
0-57 33
No creatinine-splitting activity -was detected in the 
supernatant fluid from centrifuged whole-bacteria 
(see materials and methods): harvesting organisms) 
therefore no further attention was paid to this material
Comparison of methods of cell disintegration 
As the first step towards isolating the enzyme 
responsible for the degradation of creatinine it was 
necessary to bring about, its release from the bacterial 
cell component. To achieve this it was important to 
disrupt the cell wall without at this time impairing 
the activity of the enzyme. A comparison of three 
methods of cell disruption was made, as described 
under materials and methods. From the table of results 
(Table 2.8) it can be seen that the highest creatinine- 
splitting activity was achieved after ultrasonic 
disintegration of the cells. The loss of creatinine 
in this case was 57 % (ammonia production 65% of
Table 2.81 Comparison of results of different methods of cell
disintegration
Method Sample Incubation Absorbance Mean fo and u mole s
(buffer time (min) Jaffe Berth test-blank (u moles) and
strength) Jaffe Berth creatinine NH^
A1 • 0 1.050 0.112
Ai
0 0.820 0.112 0.929 O.O32
Ultra­ AB1 0 0.106-O.lMf 57 % 3.7
sonic
B 90 0.540 0.700 5 .7 p
(0.1M) J- moles
B1 90 0.455 0.680 0.4-02 0.553
BB1 90 0 .0 9 6 .0.137 ■
a 2 0 0 .995 0 .095
a 2 0 1.100 0 .102 0 .926 0 .028
X-press a bi 0 0.122 0.071 39 %
2.5
(0.2M) Bp 90 0.650 0.525 3 .9 p
• moles
B2 90 0.740 0.485 0.570 0.413
bB1 •90 0.125 0 .092
a3
0 1.080 0.194
a3 ' 0 0.940 0.180 0.850 0.007
Acetone AB1 0 0.160 O.I8O 4o % Nil
(0.2M) V 90 0.620 0.237 4.0 |imoles
b3 90 0.620 0 .196 0 .506 0.045
b B1 9° 0.114 0 .262
Standard (0.24 p moles and nhiP 0 .9 6 ;
Blank 0 .0 2 5 0.935
* Berth = Berthelot
theoretical, assuming a molar relationship with 
creatinine). After disruption by X-press- there was 
a lower creatinine-splitting activity (39 $;)* with 6k- % 
of the theoretical production of ammonia. The lower 
activity of the latter homogenate may be the result of 
differences in buffer strength which was set at 0.1 M 
in the case of the sonicated cells and 0. 2 M in the 
others.
Although the creatinine destruction after acetone 
treatment of the cells was similar to that after X-press 
treatment there was no measurable production of ammonia 
in the former. This suggests that there could be two 
enzymes involved in the production of ammonia from 
creatinine by Pseudomonas putida. The first being 
responsible for the conversion of creatinine into one 
or more intermediate compounds and the second, which 
is possibly destroyed by the acetone treatment, being 
responsible for the conversion of one of the inter­
mediates into ammonia. Results of investigations 
carried out to determine the pathway of enzymic degra­
dation of creatinine by Pseudomonas putida are described 
later in this section.
The difference in buffer strength, mentioned above, 
prevented a proper comparison of the effect of ultrasonic 
and X-press methods on the efficiency of the organism 
to split creatinine. However, superiority of results 
aside, the convenience, speed and simplicity of the 
ultrasonic method made it the method of choice.
Determination of optimum pH
To determine the pH optimum of.creatinine degradation 
by Pseudomonas putida three buffer solutions were used 
as described under materials and.methods. The results 
given in Table 2.9 show that in phosphate buffer the 
maximum creatinine-splitting activity occurred at pH 8.0, 
when -77 % of the creatinine was destroyed. At this pH 
also the highest level of ammonia was reached.
Table 2.9; Effect of pH and buffer-type on enzyme activity 
(creatinine loss (CL) and ammonia increase (AI) 
expressed in u moles, percentage CL in parenthesis )
pH Phosphate Tris TES
CL AI CL AI CL AI
6.5 j 1.86 (93) 0
7.0 6.2 (62) 0 2.0 (100) 0.
7.5 7.3 (73) 5.1 2.0 (100) o'
8.0 7.7 (77) 6.5 5.8 (58) 0 2.0 (100) 0
8.5 7.3 (73) 5.9 6.7 (67) 0 •
9.0
Initial creatinine content of the incubation mixtures : 10 p. moles, 
phosphate and Tris; 2 p moles TES.
Enzymic activity in Tris buffer reached a maximum at pH 8.5 
butt even with double the reaction time creatinine removal 
was never as great as with phosphate buffer.
Table 2.9: shows complete removal of creatinine at pH 7.0,
7.5 and 8.0 when 0.02 M TES buffer is used. However, the 
comparison with the other buffers is not legitimate because 
the incubation time was 120 min and the creatinine content
of the reaction mixture ..-was? only 2 |i moles» In a furthe r 
experiment 0.5 M phosphate and TES-'buffers at-pH 7»0 were 
compared•under the same incubation conditions (37°C for 1 hr) 
Of the 10 p moles creatinine in the original incubation 
mixtures, 7 . p moles (7*+ %)were destroyed when phosphate 
buffer was used and.7*3 p moles (73 %)were destroyed when 
TES buffer was used. These results show that phosphate 
and TES buffers are almost identical in their influence 
on the breakdown of creatinine by Pseudomonas putida.
Longer incubation times'or lower creatinine concentrations 
appear to be necessary to achieve the 100 % creatinine 
removal seen in the first experiment'with TES buffer.
In spite of the successful removal of creatinine in the 
presence of all three buffer solutions, as shown by the 
Jaffe reaction, ammonia was detected (by means of the 
Berthelot reaction) only when phosphate buffer was used.
The reason for this was not clear. Two possibilities were 
considered : that of enzymic inhibition by Tris and TES 
buffer solutions on the lines postulated above, to explain 
the behaviour of the acetone treated cells; that of 
suppression of the Berthelot reaction itself. Of these two 
alternatives it was simpler to test the latter.
Effect of buffer type on the Berthelot reaction
The results of this experiment (Table 2.10) show that 
Tris and TES buffers both suppress colour development in 
the Berthelot reaction.
Table 2.10 Effect of different buffers on ammonia estimation 
by the Berthelot reaction
Ammonium sulphate 
concentration .
Absorbance using different 
Watbr Phosphate Tris
diluents
TES
Nil 0.058 0.059 0 .32>+ 0.11
5 Ji moles/ml o A 5 5 o .^ +^ +6 0.396 0.22
10 p. moles /ml o.85i 0.859 0.>+67 0.330
0 ’Donovan (1971) independantly reported the same phenomenon 
when using Tris and glutamine buffers in connection with the 
Berthelot 'reaction. A point of disagreement with 0 ’Donovan 
however, arises from his finding of a 20 $ reduction- in 
indophenol colour when using phosphate buffer solution.
From iTable 2.10 it can be seen that the presence of 
phosphate buffer 0.1 M does not lower the absorbance of the 
colour by comparison with unbuffered standards. On the othe 
hand reaction mixtures containing Tris and TES; buffers show 
high blank and the colour is suppressed by as much as 82 
and 72 % respectively, compared with the control solution 
of water.
During the study of the creatinine-splitting activity of 
Pseudomonas putida the quantity of ammonia produced was 
never greater than 8*+ % of that theoretically expected from 
direct degradation of creatinine (see Table 2.9, phosphate 
buffer, pH 8.0). It has also been observed that acetone 
treated cells, are able to metabolise creatinine but with 
no production of ammonia. The same phenomenon has been 
noticed but not quantitatively recorded, whenGQll homogenate
have been stored in the deep freeze for several weeks.
It has been shorn in Table 2.10 that the poor -ammonia 
recovery'cannot be blamed on suppression of the Berthelot 
reaction by phosphate ions in the concentrations used in the 
reaction mixture. The reason for the discrepancy between 
creatinine breakdown and ammonia production must therefore 
lie in the pathway by which creatinine is converted to 
ammonia. The mechanism suggested by Szulmajster (1958 a 
and 1958 b) of desimidation to form N-methylhydantoin and 
ammpnia is an unlikely one in this case.
A possible explanation is provided by the work of Van Eyk, 
Vermaat, Leijuse-Ybema and Leijuse (1968) who describe the 
variable behaviour of Pseudomonas stutzeri. In. an 
atmosphere of 85 % oxygen, creatinine was quantitatively 
converted into methyl guanidine and acetic acid in the ratio 
of 1:1 whilst only a few % ammonia and urea are produced at 
the same time. This same organism in an atmosphere 
containing 50 % nitrogen converts about half the creatinine 
into methyl guanidine and acetic acid in the ratio of 1:1 
and the remainder into urea and ammonia in variable ratio. •
y  H—
■s«=c I
H
of-
CH*
C&twvrtM 1 k'u
worjn wi-oxi anuuiifcT species 01. ^ seuciom onas 1F s euctomonas 
aeruginosa) by Kopper and Beard (19*+7) showed amongst the 
end products of creatinine and creatinine degradation 
urea, ammonia and carbon dioxide. Later in 1950? Kopper
of cultures after 8 - 10 days, found formaldehyde to be 
present in the medium. This they assumed was derived from 
sarcosine by oxidative demethylation in accordance with the 
following equation :
CH^NH CH2C00H + 1/2'02 = HCHO + NH2CH2C00H
the oxidative demethylation of sarcosine was described by 
Handler, Bernheim and Klein (19l+l)> This enzyme was heat 
labile and in fact lost its activity even in the frozen 
state. The behaviour of the bacterial homogenates used to 
degrade creatinine suggests the presence of a similar enzyme
in 1951 Akamatsu and Kanai reported the isolation of a 
strain of Gram-positive soil bacteria which, after heating 
for 30 min at 55°C, was able to accelerate the reversible 
transformation between creatine and creatinine.
In 1952 further investigations by Akamatsu and Miyashita, 
using unheated cells from the same culture, led to their 
proposing the following pathway of creatinine decomposition
and Robin investigating reasons for the spontaneous death
sarcosine formaldehyde glycine
The existence of an enzyme in liver homogenate which brought
+  Cooii
Coo#
% NHj
£ fie.coS< M F Q^ >lcirh
Expanding the proposals of Kopper. and Robin (1950) the 
more detailed pathway for the production of ammonia from 
sarcosine may be as'follows i
CooH Coo \k C-ooR
H^P
OR % 0 C14s ■ ' * . ■ C H oi — > | p-
BCttO -V-
- . C\\^o)iy\x\C
Atii?
SnK-CoSirUl Co^ tu-jg
From the report by Dr. Hendrie (detailed earlier in this 
section) on the properties of Pseudomonas putida, the 
organism is seen to possess urease activity. This has been 
confirmed by Patel (1968) who demonstrated urease activity 
in a crude homogenate of Pseudomonas putida cells and also 
in a purified fraction from a sephadex G-200 column.
support the view expressed earlier, that more than one 
enzyme is involved in the production of ammonia from 
creatinine by Pseudomonas putida. Many of the inter­
mediates postulated above, are already present in the 
plasma at levels considerably higher than could arise 
from creatinine. Their presence would undoubtedly 
influence the course of creatinine breakdown and consequently 
its quantitative relationship with the ammonia produced.
In an attempt to establish the pathway leading to the 
production of ammonia from creatinine by Pseudomonas 
putida, thin layer chromatographic studies were carried 
out. From the results given in Table 2.11 it can be seen 
that in the samples from two.reaction mixtures there was 
strong evidence for the presence of creatine (diacetyl 
reagent) and sarcosine (ninhyd.rin reagent). In neither 
mixture was creatinine, glycocyamine or urea detected.
A ninhydrin reacting spot was detected in sample 2 which 
was. similar in colour and position to glycine.
Attempts to identify formaldehyde in the reaction mixture 
using chromotropic acid (MacFadyen, 19*+5) were inconclusive. 
The results of thin layer chromatography together with 
the behaviour of the cell suspension after acetone 
treatment or on storage, suggest that the pathway of 
creatinine breakdown is similar to that postulated by 
Akamatsu and Miyashita (1952) .proceeding through creatine, 
sarcosine and glycine before producing ammonia. With 
this pathway the estimation of ammonia is valueless as 
a means of assaying creatinine in plasma, for the reason 
already indicated above.
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\ 'By '.the same token, measurement of any of the other 
degradation products' is equally unsatisfactory. There 
remains only the estimation of creatinine itself by means 
•of a colour reaction before and after incubation with''the 
enzyme. For this purpose the Jaffe reaction has been 
used by Miller and Dubos (1937); Miller, Allison and 
Baker (1939) ; Allison (19^5) and Owen et. al. (195*+) *
With a view to using this principle without protein 
removals experiments were carried out to study the effect 
of adding Jaffe reagent direct to serum.
2.2.*f Trial of the Jaffe reaction on non-deproteinised serum
■ r ■ ' • 
before and after incubation with Pseudomonas putida extract.
The first part of the experiment was intended to determine
whether the direct addition of alkaline picrate solution
to serum caused precipitation of the protein or abnormal
colour development. The second part was an attempt to
measure creatinine in the presence of protein by measuring
the absorbance of the Jaffe reaction before and after
incubation of serum with a bacterial extract.
Materials and Methods
Alkaline picrate reagent was prepared by mixing, just 
before use, equal volumes of 0.75M sodium hydroxide and 
saturated picric acid solution.
Neutral creatinine standards were prepared which contained
1.0, 3.0, 5*0, 7.0 and 10.0 mg/100 ml distilled water.
Jaffe reaction on non-deproteinized’ serum 
A number of sera previously analysed on the Auto-Analyser 
and with creatinine levels ranging from less than 1.0 to
greater than 17 mg/100 ml were tested as follows :- 
0.3 ml of aqueous standard solution or serum, 1.2 ml of 
water and 2.0 ml of alkaline picrate reagent were mixed 
.in test tubes and allowed to stand at room temperature 
for 15 min. The absorbance of each was. measured at 
500 nm in 1 cm glass cuvettes against a blank which consisted 
of 1.?'ml water and 2 ml alkaline picrate reagent.
Jaffe reaction on non-deproteinized serum before and after 
incubation -with Pseudomonas putida extract 
To duplicates 0.3 ml aliquots of water (blank) standard 
or serum (test) was added 0.2 ml supernatant from a
centrifuged suspension of Pseudomonas putida in 0.1 M !
-dimethylglutarate buffer pH 7.0. The mixture was 
incubated for l:hr at 37 °C, after which time 1 ml of 
buffer solution was added and 2 ml alkaline picrate.
Measurements of absorbance were made at 500 nm in 1.0 cm
•cuvettes against a reagent blank solution.
Results and Discussion
When untreated serum samples were mixed directly with 
alkaline picrate reagent no precipitation occurred. The 
apparent serum creatinine concentrations of these samples 
were calculated from their absorbance values, as compared 
with the absorbance values of aqueous creatinine standard 
solutions. The results together with the corresponding 
Auto-Analyzer values are given in Table 2.12.
Table 2.12 Serum'"creatinine” concentration - Jaffe method 
in the presence of protein compared with 
Auto-Analyzer method using Jaffe reagent and 
serum, dialysates
Sample Absorbance Serum creatinine mg/100 ml 
Manual method Auto-Analyzer 
(protein present)
Creatinine
standards
1 mg %
3 mg fo  
5 mg %
, 7 mg %
10 mg fo  
Serum 
.1
2
3 '
*+
5
6
7
0.060 
0.185 
0.310 
o M o  
0 .625
0 .175
0 .195
0 ,315
0. kbo 
0.710  
0.760
1.130
2.8
3.15
5.1
7.1 
11.5 
12,22 
18 .0
0.7
0.9
2.6
b . l
3.7
10.2
I7 .I
rtsuiis dre clisu tAprebbtJU grapii±ua±±y i.n rig a*i.
Serum creatinine concentrations by the Jaffe reaction, 
without protein removal. (V/PR) are plotted on the y axis 
and serum creatinine concentrations by-the Auto-Analyzer . 
'method (AA) are plotted on the x axis'. The regression 
line relating the two series of results follows the equation 
y = 2.7• + 0.93 x and confirms that the presence of protein 
causes over estimation of serum creatinine by approximately 
2.7 mg/100 ml.
In view of the fact that'no precipitation occurred it seemed 
reasonable to pursue the possibility of using the Jaffe 
reaction for the estimation of serum creatinine in the 
presence of protein. There remained only the problem of 
compensating for the'protein-blank1 effect. A possible 
means of achieving this was to use.as serum blank an aliquot 
of the sample previously treated with Pseudomonas putida 
cell extract to remove the creatinine. The results of an 
experiment to test this method are shown in Table 2*13
The sera used in this experiment were selected from patients 
with no evidence of renal disease and could therefore be 
expected to have normal creatinine levels (i.e. less than 
l , b  mg/100 ml). In each case, however, the results were 
appreciably higher than this. From the results shoim in 
Table 2.13 it is clear that there has been incomplete 
removal of creatinine from the aqueous standards, otherwise 
all post-incubation values would have been identical. If 
we assume that the absorbance of the incubated 1 mg/100 ml 
standard represents the true baseline value after complete
S i h e T ■ ; T a f f L  W i t h o u t
Pl^ CT'CLtM Ci&.fc'loNffVU (wPg^) CofApPtlZ£X> WITH TH£. 
AuTt>-A^ &uVz£& fi£THoj> C A f i j )  ■
CR&ArtN)LN5&. mg /toocnl (A A)
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Table 2.13 Enzymic assay by difference in Jaffe reaction
before and after degradation of creatinine
Absorbance
Sample unincubated incubated difference mg/100 ml serum
• sample (sera in creatinine
duplicate) calculated from
the absorbance 
of standards
Standards
1 mg/100 ml 0 .56* 0 .37 0.19
3 mg/100 ml o.5*+ 0.b3 0.11
5 mg/100 ml 0.67 0.515 0.155
10 mg/100 ml l.o 0.73 0.27
Sera 1 0 .7*+ O .61 0.61 0.13 3.6
2 0 .6 5 0.57 0.57 0 .09 2.5
3 0.75 0 .6 2 0.62 O .13 3.6
■k 0.8*+ 0.68 0.66 O .17 5.5
5 0.75 0.65 O .65 0 .10 2 .8
6 0 .8 9 0 .80 0.81 0 .09 2 .5
This is an unexpectedly high result which is possibly due to 
contamination
creatinine removal, then the theoretical absorbance 
differences for the.3, 5 and 10 mg/100 ml standards are
0.17, 0.3 and 0.63 respectively. From these figures and 
those of the observed absorbance differences (Table 2.13) 
the percentage creatinine breakdown appears to vary inversely 
with the initial concentration of creatinine; so that at 
10 mg /100 ml there was a 1+3 $ destruction of creatinine; 
at 5 mg/100 ml a 52 % destruction and at 3 mg/100 ml an even 
higher percentage destruction occurred. The calculation 
of the serum creatinine results on the basis of the 3 mg/100 
ml standard (because the 1 mg /100 ml standard was containing 
ated) would thus cause falsly high values. These results 
show that without modification of the experimental conditions 
the method would not be suitable for the estimation of serum 
creatinine.
At this point an alternative approach was tried, using the 
method of Slot (1965). Slot noticed that if the pH of the 
coloured creatinine picrate complex was lowered by the 
addition of dilute sulphuric acid a decrease in colour 
occurred which was directly proportional to the concentration 
of creatinine. This so called "Fading Fraction11 was used 
by Slot for the Mspecificn estimation of creatinine in 
protein-free solutions.
It was hoped that by using this method it might prove 
possible to develop a system which overcame the protein 
blank effect. The attempt was unsuccessful however, 
because as soon as.the pH was reduced to a level low enough 
to break the creatinine picrate complex the proteins 
precipitated. The colour therefore became unmeasurable.
The addition of a solution of 50% urea in an attempt to 
prevent protein precipitation was not effective.
•Kinetic approach to creatinine assay 
The technique of Slot (1965). depends on the observation 
that, in the Jaffe reaction, a lowering of pH caused a 
breakdown of the creatinine picrate complex at a faster
Y  • ' .
rate than the complexes of picrate with non-creatinine 
compounds. The converse of this phenomenon could be that 
the rate of formation of creatinine picrate in alkaline 
solution is slower than the colour development due to 
other complexes. There is evidence in previous 
publications to support this reasoning. Owen et al.
(19.5^ ) investigating the rate of colour development 
observed that with a pure solution of creatinine the 
maximum absorbance was reached 16 min after the addition 
of alkaline picrate. When serum filtrates (after protein 
precipitation) were treated with Lloyd's reagent the rate 
of colour development in eluates was similar. However, 
in serum filtrates not treated with Lloyd’s reagent colour 
development was initially rapid but continued at a slower 
rate so that maximum absorbance was not reached even after 
60 min. On the other hand, in. his review of the 
literature on creatinine measurement Henry (196*0 states 
that "Alkaline creatinine picrate reaches a maximum 
colour at a rate dependant on experimental conditions, 
whereas the colour resulting from pseudo-creatinine 
material develops at a significantly slower rate.'-’
The foregoing observations suggest that the rate of 
formation of the red creatinine picrate complex in alkaline 
solution varies with the conditions of the reaction and 
differs from that of interfering substances.
Measurement of colour development under carefully 
controlled conditions might'therefore provide the means 
of improving the accuracy of serum creatinine measurement 
as well as tolerating the presence of protein.
Measurement of the rate of creatinine picrate colour . 
development in alkaline solution
The airr of this experiment was to determine the rate of 
colour development after mixing alkaline picrate reagent 
with aqueous creatinine solutions of different strengths 
and with serum samples both with and without protein 
removal.
.Materials and Methods
Alkaline picrate reagsnt was prepared by mixing equal 
volumes of a saturated aqueous solution of picric acid 
and 0.75 M sodium hydroxide. Aqueous creatinine standards 
were prepared which contained 0.5, 1.0, 2.0, *+.0, 5*0- 
and 10.0 mg/100 ml.
Of the seven serum samples used in this experiment five 
(Nos 1, 2, 5, 6 and 7) were'also assayed for creatinine 
using the Auto-Analyzer N 11-a method. Sera Nos 2, 3,
*+ and 5 were of sufficient volume to allow the sample 
to be divided into two portions. Protein was removed 
from one of the portions in the following way : a volume
of 2 ml of serum was mixed with 2 ml of water, 2 ml of 
5 % aqueous' sodium tungstate solution and 2 ml of 0.165. M 
sulphuric acid; the resulting precipitate was removed 
by centrifugation and *+ ml of the supernatant fluid used 
in the test,
Blank and standard solutions were prepared by using 2 ml 
of water or 5 mg/100 ml creatinine standard instead of serum
i. cue ocner serum sampj.es rogerner wren tne remaining 
portion of the above sera were diluted (l ml to V  ml with, 
distilled water)into labelled test tubes. Each of the
creatinine standards was treated similarly. A blank
containing *+ ml of water was also measured. For the
experiment there were thus 20 mixtures, including 2 blanks. 
In 6 of these were aqueous creatinine standards diluted 1 
in *+, in 7 were serum samples of the same dilution. The 
remaining *+ sera and single creatinine standard, had been 
treated with tungstic..acid precipitating reagent, against 
resulting in a 1 in *+ dilution.
Each reaction was then carried out by adding 1 ml of the 
freshly prepared alkaline reagent, timing the addition 
with a stop-watch and mixing on a rotary mixer. After 
transferring to a 1 cm cuvette the change in absorbance 
at 510 nm was measured against a reagent blank solution 
using a Unicam SP 1800 spectrophotometer connected to a 
chart recorder.
The increases in absorbances during several timed periods 
(100 - 200 sec, 200 - 300 sec, 200 - *+00 sec and 100 - bOO 
sec) were calculated by subtracting the absorbance reached 
at the beginning of each period from that at the end..
From these values standard curves were plotted and serum 
creatinine concentrations calculated by reference to the 
appropriate curve. In this way it was hoped to recognise 
the optimum period of colour development for the 
calculation of serum creatinine levels (i.e. that period 
giving absorbance increases which were linear with respect 
to creatinine concentrations up toI0..0 mg/100 ml and giving 
serum creatinine results compatible with those of the Auto- 
Analyzer) .
xne aosorDance increase or one or tne serum samples was 
measured continuously until the maximum absorbance was 
reachedh The spectrophotometer was "backed off" to 
allow measurement above an absorbance of 2.0.
Results and Discussion
Records of absorbance increase with time during creatinine 
picrate formation are shown in Fig, 2.2. The rate of 
colour development with the aqueous creatinine standards 
increases with their concentration. These curves, when 
extrapolated back to zero time, all pass through the 
origin. The diluted sera on the other hand show a 
relatively large seemingly instantaneous increase in 
absorbance followed by a much more gradual one, the slope 
of which is closely similar to those obtained with aqueous 
creatinine solution. These curves extrapolated to zero 
time do not pass through.the origin. The curves of some 
of the identical sera after protein removal are illustrated 
separately to show the contrast. In each case, and 
especially that of serum 2, there is a marked reduction 
in initial absorbance but a slight increase in slope.
When extrapolated to zero time the curves pass through 
the origin.
The absorbances (Fig 2.2) measured at 50. sec intervals 
from the start of the reaction to *+00 sec, have been 
tabulated in Table 2.JA. These are expressed as mm above 
the zero pen setting on the chart paper (1 mm = 1 horizonta 
division on the chart paper = 0.02 absorbance units).
The absorbance increases for creatinine standards during 
the selected timed periods (see Materials and Methods)
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were plotted against concentrations (Pig 2 o ) * The 
• creatinine concentrations of the serum', samples were 
calculated by.reference to the appropriate standard curve 
and the results given in Table 2.15 which .shows the 
following :
(1) There is fairly close agreement between the serum 
creatinine levels calculated from the rate curves
of colour development and those assayed by means of -
the Auto-Analyzer.
(2) Calculations from measurements made over the 100 ~
200 second period were inconsistent in the case of ‘ 
protein containing sera. Sometimes they deviated 
widely from those results where the measurements 
were started later. This may have been due to 
interference from bubbles formed during mixing.
These were found to clear more slowly in solutions 
containing protein.
(3) Creatinine levels in the protein-free samplesoof
. serum are higher than in those without protein removal.
The aqueous creatinine standard which had been treated 
with tungstic acid precipitating reagent on the other 
hand showed no increase in absorbance with time.
This is explained by the fact that serum proteins 
reduce the proton concentrations of the acid solution 
thus increasing its pH and alloxtfing the reaction to 
proceed, whilst in the aqueous standard the acidity 
remained high neutralising the alkaline reagent to 
an extent which prevented formation of the coloured 
creatinine picrate complex. The influence of pH 
on the Jaffe reaction is dealt with later in this 
section. .
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reagent and a continuous measurement of the absorbance 
'•(Fig 2.J+') was made, two distinct curves of colour 
development were seen. This supports the statement 
of Henry (196*0 (previously quoted) that : "Alkaline 
creatinine picrate reagent reaches a maximum colour 
at a rate dependant on experimental conditions, 
whereas colour resulting from pseudo-creatinine 
material develops at a significantly slower rate".
In addition it was observed by the author, that in 
the presence of protein a further reaction takes 
place which is faster than that involving creatinine.
The results achieved in this experiment were sufficiently 
encouraging to make worthwhile an investigation of the 
factors influencing the formation of creatinine picrate 
in alkaline solution so that a reliable kinetic method 
could be devised. In the first place experiments were 
carried out to determine the most suitable wavelength at 
which to measure the coloured creatinine picrate complex.
2.3.2 Choice of wavelength
It. has been stated that the coloured complex arising from 
the reaction between creatinine and alkaline picrate 
reagent does not obey Beefs law (Bonsness,et al., 19*+5; 
Hawk, et al., 19*+7; Garner, 1952). However, Clark and 
Thompson (19*+9) and Hervey (1953) showed that this only 
arose with the use of instruments employing wide wave­
band filters and was corrected by using monochromators.
v/>
vu
CVS
of the yellow .reagent (alkaline picrate) and the red 
product (creatinine picrate in alkaline solution) are 
close. -A wide-band filter would therefore overlap at 
once, the region of red colour development and the region 
of yellow colour "fade".
There is disagreement on the optimum wavelength of light 
for measurement- of the absorbance of creatinine picrate ' 
in alkaline solution. The different wavelengths which 
have been used are *+90 nm (Clarke, 1961); 500 nm
(Martinez and Doolen, i960 and Slot, 1965); 525 nm
(Bonsness and Taussky, 19^5); 510 nm (Taussky, 1956).
In order to resolve the situation, Owen et ad^ . (195^) 
plotted the absorbance against concentration for a range 
of creatinine picrate solutions at wavelengths of *+80,
*+90, 500, 510 amd 520.nm. They found increasing linearity 
with increasing wavelength but a falling-off in sensitivity 
above h90 nm. These findings supported the observation 
of Garner (1952). In both of these investigations the 
colour reaction was allowed to~ go to completion before 
absorbance measurements were made.
Since the approach in the present work is substantially 
different it was necessary to establish the optimum 
wavelength for the kinetic method.
Alkaline picrate reagent was prepared (as in Section 
2.3.1) by mixing equal volumes of a saturated aqueous 
'solution of picric acid and 0.75M sodium hydroxide.
Aqueous creatinine standards were prepared which contained 
1.0, 2.0, 5*0 and 10.0 mg/100 ml. Aliquots of 1.0 .ml of 
serum-and standard (2.0 mg/100 ml creatinine solution) 
were separately diluted with 3.0 ml of distilled water.
To each of these dilutions and to b.O ml of distilled water 
(blank) was added 1.0 ml of alkaline picric reagent.
After mixing the solutions were allowed to stand for 1 hr 
at room temperature to allow 'colour development. The 
absorbance of each solution was measured using a Unicam 
SP .800 recording spectrophotometer over a wavelength" 
range from h-70 - 700 nm against a water blank (in 1 cm 
glass cuvettes). From the spectrophotometer scans, 
against water, of alkaline picrate reagent with water, 
creatinine standard and serum, it appeared that the most 
suitable range of wavelengths was'from *+80 - 530 nm.
Rate measurements of creatinine picrate colour formation 
of the whole range of tiae above standards were therefore 
made at *+80, 3-J-90, -5 0 0 , 510, 520 and 530 nm, according 
to the method already described under materials and methods 
(2.3.1)
Results and Discussion
The results of the spectrophotometric scans are shown in. 
Fig.2.5 from which it can be seen that the/greatest 
difference between standard and blank absorbances is 
between *+80 and 530 nm. Rate measurements of creatinine
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these .two extremes and the results at *+9 0, 510 and 530 nm 
shown in Fig 2.6. The differences in absorbance reached 
at 300 and 200 and 300 and 100 sec were calculated from 
the rate' curves and tabulated (Table 2.16). Standard 
curves were plotted from these results (Fig 2.7 and 2t8). 
From the spectrophotometric scan It-was,-.seen, that' the 
absorbances were highest at the lower wavelengths and 
decreased progressively as the wavelength increased.
It was no surprise therefore, to find that the slope of 
the reaction rate curves was steepest at *+80 nm and 
shallowest at 530 nm. However, although the sensitivity 
'is higher at the lower wavelengths a plot of optical 
density differences over standard time periods against 
creatinine concentration lacked linearity below 500 nm.
A wavelength of 510 nm was chosen for subsequent analyses 
as this gave the maximum sensitivity consistent with 
linearity.
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Table 2.16 Absorbance in relation to wavelength and time 
of creatinine picrate formation
Absorbance Absorbance increase
Wave- Creatinine
length mg/100 ml 100 sec 200 sec 300 sec '• 200 - 100 -
nm. • 300 sec 300 sec
480 l 0.022 0.072 0.108 0.036 0.086
2 ' 00.062 0.148 0.211 O.O63 0.149
5 0.172 0.360 0 .522 0 .162 O .350
10 0.375 0 .736’ 1.010 0.274 0.635
490 1 0.028 0 .062 0 .092 0.030 0.064
2 0.062 0.134 0.191 0.057 0.129
• 5 0.165 0.327 0.478 0.151 0.313
10 0.355 0.700 0.970 0.270 0 .6 1 5
500 1 0.030 0.064 0 .092 0 .028 0 .062
2 0 .062 0 .128 0.180 0 .052 0 .1 1 8
5 0.165 0 .318 .0.460 0.14-2 0 .2 9 5
10 0.320 0.640 0.884 0.244 0.564
510 l 0.024 0.052 . 0.075 0.023 . 0.051
2 0.051 0.105 0.152 0.047 0.101
5 0.135 0 .265 O.38O 0.115 0.245
10 0.280 0 .560 0.775 0.215 0.495
520 l 0.018 0 .038 0.055 0.017 0.037
2 0 .043 0.086 0.122 0.036 0 .079
. 5 0 .107 0.207 0.291 0.084 0.184
10 0.210 0.420 0.598 0.178 0.388
530 l 0.012 0.026 0.039 0.013 0.027
2 0 .028 0.055 0.080 0.025 0 .0 52
5 0 .071 0.140 0.200 0.060 0.129
10 0.150 0.284 o.4o4 0.120 0.254
<£o o  ■ ooLiay 01 tne iacoors.' unr uiencang the formation of 
creatinine picrate in alkaline solution 
It has been shown-by a 'number of ■workers that the amount 
of coloured creatinine picrate and the rate of its 
formation'are-influenced by the reaction mixture.
Bonsness and Taussky (19^ +5) concluded that "the amount of 
coloured creatinine compound formed as measured by the 
colour developed is independent of the concentration of 
the picric acid added above a low limiting concentration 
of picric acid". They also observed that the rate at 
which colour develops is inversely proportional to the \ 
concentration of the picric acid« 'Clarke (1961) was unable 
to confirm this and found that the reaction half-time 
diminished with the increase in picric acid concentration. 
"The optical densities of alkaline picrate and of alkaline 
creatinine picrate depend on the pH of the final solution 
which, in turn, depends on the concentration of the 
sodium hydroxide and on the acidity of the original 
solutions containing creatinine" (Owen et_ al., 195^)*
The effect of varying the sodium hydroxide concentration 
of the alkaline picrate was investigated by Bonsness 
et al- (19^5)5 Biggs and Cooper (.1961) and Clarke (1961). 
All of them found that as the concentration of alkali was 
increased less colour was produced. The rate of colour 
development was found by Bonsness and Taussky (19^5) to 
be inversely proportional to the concentration of sodium 
hydroxide.
Owen et al. (195*+) and Roscoe (1953) instead of altering 
the sodium hydroxide concentration, chose to study the
ui pu ujiiierexiceb on colour development by varying 
the acidity of the original solution of creatinine. In 
both investigations it was found that the absorbances of 
creatinine picrate we^egreater when the original solution 
of creatinine was acidic rather than neutral.. The speed 
of the reaction was found by Roscoe (1953) to decrease 
with increasing acidity. None of the above authors 
attempted the' direct measurement of pH of the final 
reaction mixture.
This section describes experiments to investigate the 
findings of the above workers, with a view to determining 
the optimum conditions for the estimation of creatinine 
in serum by the proposed reaction-rate method. The pH 
of the original creatinine dilution was controlled by 
the use of buffer solutions set at different pH levels.
The pH of the final reaction mixture was measured aV 
with some difficulty on account of the high alkalinity. 
Having established the optimum conditions for the 
measurement of the rate of creatinine picrate colour 
formation the order of reaction was determined so that 
the mechanism of creatinine picrate formation may be better 
understood. The influence of interfering substances on 
this method will be considered separately in the next 
section.
Materials and Methods
The molar concentration of saturated picric acid (21°C) 
was determined by titration with M/10 sodium hydroxide 
solution and phenolphthalein indicator• A volume of 
20 ml of saturated picric acid required 10.75 nil of 
0,1 M sodium hydroxide to reach the pink end point. From
•this the molarity of the picric acid solution.was 
calculated as 0.05375 M. The concentration of saturated 
picric acid (molecular weight = 229) = 1.23 % at 21°G. 
Hawk, Oser and Summer son (19*+7) without stating the 
temperature gave saturated picric acid as having a 
concentration of 1.2
Throughout this series of experiments a reaction mixture
/
was used in which the volumes of the' reagents were main­
tained constant (where possible) but the concentrations 
of the constituents were varied.
The mixture consisted of 3 ml of either water or buffer 
solution, -1 ml of an aqueous neutral creatinine standard 
solution and 1 ml of alkaline picrate reagent (prepared 
freshly each day by mixing equal volumes of sodium 
hydroxide or picric acid solution in the concentrations 
given below).
(Absorbances were measured at 510 nm in either a Unicam 
SP 800 or SP 1800 recording spectrophotometer in 1 cm 
glass cuvettes. The instruments were initially set to 
zero with water in both reference and sample positions. 
All reagent blanks and tests were read with water in the 
reference position.
A 1 ml Marburg pipette was used for the measurement of 
alkaline picrate reagent as this allowed a high speed 
of addition and therefore a more uniform timing of the 
start of the reactions. Timing of the reactions was 
started at the point of half addition of alkaline picrate 
reagent. When addition was complete the reaction 
solution-was mixed on a rotary mixer for ten seconds and
. unen careiuiiy rransierrecl to the 1 cm cuvette and placed 
in the spectrophotometer. The time, in seconds, was 
noted at which the chart recorder was switched on after 
the start of the reaction. The rate of reaction was 
usually measured from the change in absorbance over fixed 
intervals of time, as already described under materials 
and methods (section 2.3.1). An alternative method, 
of measuring the angle of the tangent to the reaction- 
rate curve drawn through a point at a fixed time after 
the start of the reaction, was tried. This was abandoned 
since it was time consuming, offered no advantage over 
the first method and could not be adopted for use with the 
output of the Vickers analyser.
Effect of picric acid concentration
The effect of picric acid concentration on both the rate 
of formation and the plateau colour intensity (measured 
at 5'20 nm) of creatinine picrate was measured.
A range of alkaline picrate reagents were prepared by 
mixing equal volumes of sodium hydroxide (0.75 M) and 
picric acid solutions of the following concentrations : 
0.05375 M (saturated); 0.0*+3 M (0.8 saturated); 0.03225 M 
(0.6 saturated); 0.0215 M ( O A  saturated); 0.01175 M 
(0.2 saturated); 0.005375 M (0.1 saturated); 0.0005375 M 
(0.01 saturated).
The standard reaction mixture was used with water as the 
diluent.
A 5 mg/100 ml neutral aqueous solution of creatinine was 
used throughout, water was used to replace the creatinine, 
solution .in reagent blank solutions. All concentrations
±n une resuns. are expressed in terms of the final reaction 
mixture - eg : the concentration of creatinine = 1 mg/ 100 
ml, the. concentration of sodium hydroxide = 0 .075 M,and 
the concentrations of picric acid range from 5*375 x 10~^
M at the strongest to 5*375 x 10“^M at!:the weakest.
Effect of sodium hydroxide concentration 
Both rate and plateau (measured at 125 min) measurements 
were made as described in the above study of the effect 
of picric acid concentration.
This time the alkaline’ picrate reagents were prepared by 
mixing equal volumes of saturated (0.05735 M) picric acid 
solution with sodium hydroxide solutions of the following 
concentrations: 0, 0.1 M, 0.2 M, O.k M, 0.6 M, 0,8 M,
1.0 M, 2.0 M, 3*0 M, 5.0 M, 7.0 M and 10.0 M.
Preparation: of alkaline picrate reagent with sodium 
hydroxide of 2.0 M concentration and higher was/un­
successful because of the formation of a precipitate.
Above 5*0 M concentrations of sodium hydroxide the 
precipitate partially redissolved and at 10.0 M solution 
was again complete. In order to increase the concentratior 
of sodium hydroxide in the reaction mixture, without 
encountering the problem of precipitation in the reagent, 
tests were performed in which 1.0,'2.0 and 3*0 ml of water 
diluent were replaced with equal volumes pf 1.0 M sodium 
hydroxide. .
Final reaction mixture concentrations in this case were : 
creatinine = 1.0 mg/100 ml; picric acid = 5.375 x 10”^M; 
sodium hydroxide 0, 0.01 M, 0.02 M, 0.0k M, 0.0-6 M, 0.08 M, 
0.1 M, 0.3 M, 0.5 M and 0.7 M. Water was again used
xj-iuucau vjjl c d o s u x u u i o n  to provide reagent blank 
solutions.
Effect of pH of the creatinine solution 
The effect of changing the pH of the diluted creatinine 
solution was measured by replacing'the water diluents, 
of the standard reaction mixture, with buffer solutions 
covering a range of pH values.
The alkaline picrate reagent was prepared by mixing equal 
volumes of saturated picric acid solution and 0.75 M 
sodium hydroxide. , 1
Aqueous creatinine standards were prepared which contained 
O.k, 0.8, 2.0 and k.O mg creatinine per 100 ml. The rate 
of Jaffe colour development was measured in these 
standards as well as in water blanks and pooled serum 
samples after dilution with buffer solutions of different 
pH values.
Buffer solutions covering a range of pH values were 
prepared by mixing volumes of 0.2 M disodium hydrogen 
phosphate solution with 0.1 M citric acid solution in the 
following proportions (Vogel, 1953) :
pH Volume of 0.2 M Na^PO^ Volume of 0.1 M citric 
acid
3.0
**.0
2.2 O.k
‘t.n
19-6
15.89^
7.0
8.0
5.0
6.0
7.71
10.30
12.63
16.>+7
19 A 5
12.29
9.70
7.37
3.53
0.55
xixc pix u «.v uuj. a vsx' suiuoxuij Wcia **±£>0 U.S8Q • •’ .or J. l.Ti d J '
1 in ^ and 1 in 8 dilutions * . The '-pH- 1f.0 buffer vas ;0 so
used after dilution 1 in 5 *
A range of buffer solutions of higher pH values
prepared using a sodium bicarbonate/sodium hydroxide buffer
system described by Weast (1968) ;
to 5P ml of a 0.05 M sodium bicarbonate solution
(*+.2005 g NaHC03/litre) volumes of 0.1 M sodium hydroxide
were added as follows :
pH Volume (ml)
0.1M HaOH
9.6 5.0
10 .0 10 .7
10.5 ' 17.8
1 1 .0 22.7
The pH of each of the dilutions of creatinine solution or 
serum sample was measured, before and after addition of 
alkaline picrate reagents, using a Pye pH meter with a 
combined glass/calomel electrode. The response time of. 
the instrument was slow when used for measurements of pH 
greater than 12,0. Meter readings were therefore taken 
after a suitable period (1 - 2 min) to allow stabilization. 
Determination of the order of reaction 
Aqueous neutral creatinine solutions containing 2.5, 5«0 
and 10 .0 mg creatinine per 100 ml were diluted 1 ml - 3 ml 
of sodium bicarbonate/sodium hydroxide buffer solution ' 
pH* 11.0. The colour development was timed from the 
addition of 1 ml of Jaffe reagent (freshly prepared by 
mixing equal volumes of saturated picric acid and 0 .7 5  
KaOH) until a constant absorbance (a) was reached.
determined from the.: chart and values substituted for a 
and x in the appropriate equations (below) to determine 
the order of reaction and the reaction rate constant *
Zero order equation : kt = x
First order equation % kt = In a _ _ .
. .. (a - x)
. C • cl
or k = 2.303 log (a - x)
Second order equation : kt = x
a(a - x)
The results for the 10 mg/100 ml creatinine solution were 
plotted in Fig and the order of reaction determined
by the method of empirical fit (Latham, 1969). As the 
reaction fitted only the first order equation this 
equation was used in the calculations for the 2.5 and 5*0 
mg/100 ml standards.
Results and Discussion
The rate curves of creatinine picrate formation for 
different concentrations of picric acid are illustrated 
in Fig.2.9* From these it can be seen that the rate of 
colour formation increases with the concentration of picric 
acid. This agrees with the findings of Clarke (1961). 
Understandably there is a slight increase in blank 
absorbance with each increase in picric acid strength. 
Absorbance values of reagent blank solutions and those of 
test solutions after 100, 200 and 300 sec reaction time 
and at different picric acid strengths, are given in 
Table 2.17. The absorbances of a similar group of blank
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after the start of the reaction to determine whether 
colour development was complete. These results, given 
in Table 2.18, show that at molar concentrations of picric 
acid greater than 5.375 x 2 x lO^'this reaction is 
complete within 1 hr. From the same table (Table 2.18) 
it can, also be seen that only at molar concentrations 
greater than 5 .375 x 5 x 10“^ does the strength of picric 
acid cease to affect the final colour.
To allow the comparison of these results with those of 
Bonsness e_t al. (195*0 the picric acid concentrations 
used by these workers were recalculated as molar concentra­
tions of the final reaction mixture. The calculated 
range was from 5.375 x 5 x 10*“ 3 to 5*375 x 8 x 10“^ M.
The absorbances at 510 nm expected for these concentrations 
of picric acid on the basis of this present study 
(calculated from Fig 2.11) are 0.9 and 0.825 respectively. 
This finding is at variance with that of Bonsness et. al. 
(1955) who noted no difference. However, the absorbance 
of creatinine picrate measured at 525 nm (the wavelength 
chosen by these workers) is, according to Fig 2.7, likely 
to be used about bo % less than when measured at 510 nm 
(the wavelength chosen for this study). The creatinine 
concentration of their reaction mixture was two fifths 
of that used in the present study. These two factors . 
would contribute to reduce -the expected absorbances to 
0.215 and O.1 98. It is therefore not surprising that 
gonsness et al. (1955) did not observe a difference.
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different, concentrations of sodium hydroxide are illustrate 
in Fig 2.12. These show that the rate of colour formatioi 
increases with the concentration of sodium hydroxide.
The earlier plateau seen at the higher concentrations shows 
that the limit of colour development may be lower. This 
point is illustrated more clearly in Fig 2.13 which was 
drawn using the data calculated from the rate curves and 
given in Table 2.19.
At concentrations of sodium hydroxide greater than 0.1 M, 
in the final reaction mixture, an earlier deceleration 
in the rate of colour development is seen as a smaller 
difference in absorbance during the 100 - 300 and 200 - 300 
measurement periods. These findings are again at variance 
with those of Bonsness et.aJL. (19^5) who stated that the 
rate at which colour develops is inversely proportional 
to the concentrations of both picric acid and sodium 
hydroxide.
The absorbance readings (at 90 and 125 min) of the reagent 
blank and creatinine standard with increasingly alkaline 
Jaffe reagent are given in Table 2.20 and Fig 2.1*+. From 
Fig 2.1*+ it is clear that an increase "in sodium hydroxide 
causes an increase in blank absorbance and a decrease in 
test absorbance. These results provide the explanation 
for the findings of Roscoe (1953) and Owen et a l . (195^) 
who.observed that higher absorbances were obtained in the 
Jaffe reaction for the more acid filtrates of serum. 
Calculations from the published figures show, that the 
molarity of sodium hydroxide in the final reaction mixture 
of Owen et, al. (corrected for the excess of picric acid
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concentration of sodium'hydroxide would give an absorbance 
of 0.82 (125 min curve - Fig 2.1*0.. Reaction mixtures 
of lower alkalinity (down to 0.0*+ M. sodium hydroxide) 
are seen, from the same curve, (Fig 2.1*+) to have higher 
absorbance values for the same level of creatinine.
Acid solutions of creatinine, therefore, capable of 
reducing the sodium hydroxide excess to around 0.0*+ M will 
cause‘an absorbance increase.
It is not true to say-that under all circumstances a 
more acid creatinine solution is desirable because it gives 
a higher absorbance. The effect will obviously depend . 
on the concentration of sodium hydroxide used in the 
alkaline picrate solution. The effect of acidity of 
standards has been well illustrated by Bartels e£ al.
(1969) who showed, by Auto-Analyzer, that a higher 
absorbance developed with neutral than acid (0.1 M HCL) 
solutions containing identical amounts of creatinine. 
Calculation of serum creatinine levels, by the author, 
using standards made up in 0.1 M HCI gave results which 
were 0.1 mg/100 ml (9.1 to 1 6 .8 %) higher than when the 
same tests were calculated using neutral standards. An 
extreme effect of acidification can be seen in Table 2.1!*, 
where addition of acid precipitating reagents to a. 5 mg/100 
ml aqueous creatinine standard prevented colour development 
An aqueous standard presumably behaves in this way, as 
it lacks the acid neutralising effect of serum protein 
to prevent too great a reduction of pH. This effect 
of complete suppression of creatinine picrate colour by 
acidification was used by Slot (196*0 amd later by
urui j.iit: b ut:jr, uariosova ana usmi^oya - Ur//11 'to' provide-, a •
y
means of improving the specificity of fix J'affe reaction, 
The reason for the lower final absorbance at high sodium 
hydroxide concentration appears to be an interference with 
the- alkaline creatinine picrate formation. The effect of 
the final pH. of the reaction mixture on colour was further 
investigated using buffer solutions, of different strengths 
and pH levels, to replace the water as diluent. The 
results of the first of these investigations, using 
phosphate buffers to dilute both aqueous creatinine 
standards and serum samples, are given in Table 2.21.
From these results ,it can be seen that as long as the 
creatinine buffer diluent prevents an increase of the pH 
of the reaction mixture to greater than 7.0, no.* measurable 
colour development takes place and protein precipitation 
occurs. its the final reaction mixture becomes more 
alkaline, the rate of colour foixnation becomes increasingly 
more rapid. It is also noticeable that whereas below
7.0 the pH of the aqueous creatinine reaction solution is 
less than that of the serum reaction solution-'above'. 
pH 7.0 the reverse is true. The reason for this is not . 
clear but it may be attributable to the buffering capacity 
of the serum. Because of its shallow slope the absorbance 
increase was not easy to measure with accuracy even at a 
final pH of 11.35* lo study the effect of increase in pH 
of the reaction mixture on the rate of colour development 
the phosphate buffer solution was diluted with different 
amounts of water to variably reduce its buffering capacity. 
The rate of colour development was measured using aqueous 
standards (containing 0.8 and 2.0 mg/100 ml creatinine) and 
serum. The results are recorded in Table 2.22.
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allows a higher final pH to be reached and therefore a 
faster rate of colour development. ' However, the buffering 
capacity of the diluted buffers is not sufficient to 
prevent the influence of serum on the pH of the reaction 
mixture. .The difference in pH between' reaction mixtures 
containing serum and. those containing no serum, can be seen 
to increase as the dilution of the buffer solution 
increases (Table 2.22). The differences of 0.15 and 0.2 pH 
units, which occurred, are'probably sufficient to cause 
significant inaccuracies in the measurement of creatinine by 
the proposed rate method. In an attempt to reduce these 
differences without at the same time reducing the pH of the 
reaction mixture, "a range of diluting buffers was prepared 
from solutions of sodium bicarbonate and sodium: hydroxide, 
mixed to provide pH values from 9.5 to 11.0 (Weast, 1968). 
The rates of colour development using this series cf buffers 
are shown in Table 2.23. It can be seen that the colour 
develops fastest when using the buffer diluent.pH 10.98.
With this buffer also is the least difference in pH between- 
the reaction mixtures with and without serum. The 
influence of pH on the rate of alkaline picrate colour 
development between 200 and ^00 sec is illustrated in 
Fig 2.15. In deciding the composition of the reaction 
mixture most suitable for the assay of creatinine in serum, 
by the- proposed kinetic method, twTo conditions were 
considered important : 1. the concentrations of reagents
should be such that an easily measurable absorbance change 
occurs during the selected period of colour development.
2. The system should be such that the pH of the final 
reaction mixture is uninfluenced by the presence of protein.
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In Fig 2*10 the maximum absorbance increase between 100 
and 300 seconds occurs when the concentration of picric 
acid in the reaction mixture is 5*375 x 10”^ M. It 
appears that some small gain in the rate of colour 
development would have .been obtained by using a higher 
concentration of picric acid. This, however, would have 
been offset by the need to measure inconvenient volumes 
in the manual experiments. In the case of sodium hydroxide 
the maximum rate of colour development (measured as the 
increase in absorbance between 100 and 300 sec and with a 
picric acid concentration of 5*375 x 10~^M) occurs at a 
concentration of 0.1 M. Above and below this concentration 
of alkali the absorbance increase, over the same timed 
period, is lower.
A reaction mixture with a final concentration of 5*375 x 
10”3m picric acid and 0.1 M sodium hydroxide satisfies the 
first of the two conditions mentioned above.'
The second condition is satisfied.by the use of sodium 
bicarbonate/sodium hydroxide buffer pH 10.9 8. However, 
the concentration of sodium hydroxide in the buffer is
0 .031M and this contributes to the total amount of alkali
■ / in the system. If, therefore, a concentration of Jaffe
reaction were used which gave a final sodium hydroxide
concentration of 0 .1M the additional sodium hydroxide
(added as buffer) would inevitably cause a reduction in
\reaction rate (Fig 2.13). To avoid this, the Jaffe 
reagent was prepared using a more dilute sodium hydroxide 
(1 .7 5 ,M) so that the sodium hydroxide concentration of the 
final reaction mixture was nearer 0.1M. Comparison of 
the absorbance increases over the period of 100 to 300 sec
in Table 2.19 (0.1M NaOH) and Table 2.23 (0.075M NaOH + 
NaHCO^/NaOH buffer pH 10.98) -show,-'after correcting for 
the difference in creatinine concentration, almost 
identical results.
The reaction mixture finally chosen was as follows :
neutral aqueous creatinine solution (standard) or wafer
(blank) or serum (test) (1 ml) diluted with 3 ml. sodium
bicarbonate/sodium hydroxide buffer and mixed with 1 ml 
s
of Jaffe reagent consisting 'of equal volumes of saturated 
picric acid solution and 0.-75M sodium hydroxide.
Using the reaction mixture the order of reaction and the 
rate constant were determined for colour development wibh 
aqueous creatinine standards of 2.5* 5.0 and 10.0 mg/100 ml. 
It may be seen from Fig 2.16 that the reaction follows 
first order kinetics. O'ther reaction rate data are 
summarised in Table 2.2!+ a.
pL-lt t>£T&ZtA\\lQrCiOti £& TH& 0££&£ OF te^OTjoU C£££Vr»fJirv5& 
PlCWf* ^^fVTtoK Ifef ^ UKfVUiMc SouStioH (P4°c)
@ 10 mj/ioo cnl £&&ati*j»m£ 
© ^ (V^ jlOO Ml C&fcflrfiWCM?
I a
5 Pi^ -t oRpat R*)- lo °3 tfL-x©
Dl Stco.Njg) ofv£>££ 9^)c cZZ^ 
A  xe^o o^>ee F(x)~ l o x
ioo 2ic0 3oo tkjo 'ooo
Table a i'irst order reaction data for the Jaffe reaction
with aqueous creatinine standards
Absorbance
Creatinine
concentration 10 mg/100 ml 5 .0 mg/1 0 0 ml 2 .5 mg/100 ml
Plateau (a) • 1.8 0.92 0.1+8
lime (min) x (a-x) x (a-x) x (a-x)
1 .6 6 0 .3 8 l A 2  0 .1 8 0.71+ 0.09 0.39
3-33 O .69 1 .11 0.31+5 O .575 0 .1 8 0 .3 0
5-00 O.9I+ 0.81+ o.l+8 0 .1+1+ 0 .2 5 0 .2 3
6 .6 6 1.13 O .67 0.59 O .33 0 .305 0.175
8,33 1.27 0.53 0 .665 0.255 0 .350 0 .130
1 6 .6 6 .1 .6 5 0.15 0.85 O .07 0.1+1+ o.Ol+
25.0 1.76 0.01+ 0 .9 0 0.02 O.I+67 0.013
Reaction half
line (min) b .b .5 b *6
Mean k (min“^)
(approx 21°C) 0.1? 0.15 0,1?
% of reaction
showing first \
order kinetics 92 98 92
£ lives 
first order
reaction 3 3 3
In his original paper in .1896 Jaffe noted that glucose and 
acetone both reacted with .alkaline picrate reagent to give 
a red colour. Since then many workers have attempted to 
overcome the effect of ketones (Bleu, 1921; Ralston, 1955? 
Clarke, 1961;. Watkins, 1967 and Kattermann, 1967) and 
ketones together with glucose (Langley ei al. 193&;
Barclay et al. 19^7; Clarke and Thompson, 19*+9; Owen et al. 
195^; Seelig, 1969; Bartels and Cikes,19© and Fabin and 
Ertingshausen, 1971)* These substances, which can in 
certain clinical conditions reach very high levels, may give ‘ 
the greatest source of Jaffe interference in plasma.
Other substances present in serum have also been blamed 
for inaccuracies in the estimation of creatinine by the 
Jaffe reaction. Kostlr and R&bek (1950) gave a compre­
hensive list of such substances but at the same time 
reported a lack of agreement about the interference of certai 
members of the list. ‘ Richter (19*+*+) and Richter and Hess 
(19*+5) working with protein free filtrates of bovinine 
blood showed that interference with creatinine assay occurred 
in a variety of ways. These authors classified as follows 
the interfering substances according to their influence on 
the estimation of creatinine by the Jaffe reaction : 
"Quasi-creatinineM - a non-creatinine Jaffe positive 
material which, together with "true-creatinine" contributes 
to the "apparent-creatinine" content of the serum.
Jaffe reactive substances - these arise as a result of 
treatment of the serum in some way, prior to the reaction 
with alkaline picric acid. For example the acid treatment 
of creatine favours an equilibrium- towards creatinine.
a Jaffe colour themselves but do influence the. reaction 
between creatinine and alkaline picric acid.
(a) Jaffe (Folin) active - these are substances which when 
mixed with creatinine and alkaline picric acid give
an absorbance which is greater than the sum of the 
absorbances of those substances and creatinine when 
measured separately.
(b) Jaffe (Folin) inhibitive - these are substances which 
with creatinine and’ alkaline picrate give an absorbance 
which is lower than the sum of the separate absorbances 
due to creatinine and the inhibiting material.
The■following investigations were intended to provide 
information about the extent and mode of interference of 
some of those substances on the kinetic method of creatinine 
estimation paying particular attention to glucose and aceto- 
acetate (as the ethyl ester).
Materials and Methods
Solutions of "interfering"- substances. Unless otherwise 
stated aqueous solutions of 10 mg/100 ml of the following 
were used :- glucosamine HC1 uric acid, adrenaline, 
ascorbic acid, L-arginine, 1-methyl hydantoin, hydantoic 
acid, creatine, methyl guanidine HC1 (17 mg/100 ml),
5-methyl hydantoin, sarcosine, guanidine acetic acid 
sodium pyruvate (5? 10 and 20 mg/100 ml), glucose (100,
500 and 1,000 mg/100 ml) ethyl aceto-acetate (1 0.2 5, 51*25,
102.5 and 307*5 mg/100 ml prepared by diluting 10, 50, 100 
and 300 ul of ethyl acetoacetate to 100 ml with -water). 
Neutral aqueous creatinine standards were prepared by 
dissolving 2, 2.5,■ *+, 5 and 10 mg'of creatinine in distilled 
water and diluting to 100 ml.
equal volumes of saturated picric acid solution and 0.75M. 
sodium hydroxide solution.
Reaction mixture (a) contained 1 ml of distilled water 
together with 1 ml of a solution of the "interfering" 
substance or creatinine standard, 2 ml of bicarbonate/ 
hydroxide buffer solution (prepared by mixing 50 ml of 
0.05M Na^O^ and 22.7 ml of 0.1M NaOH) and 1 ml of alkaline 
picrate reagent.
Reaction mixture (b) contained 1 ml of creatinine standard 
solution together with 1 ml of a solution of the "interfering5 
substance, 2 ml of bicarbonate/hydroxide buffer solution 
and I ml of alkaline picrate reagent.
In the case of those experiments involving glucose and 
ethyl acetoacetate the reaction mixtures contained 2 ml 
of water instead of bicarbonate/hydroxide buffer. Unbuffere 
mixtures were also used when measuring pH during the course 
of the reaction.
In order to determine the nature of the interference of 
ethyl acetoacetate on the rate of formation of creatinine 
picrate, colour development was measured in the following 
reaction mixtures (Table 2.2k b)
5 mg/100 ml creatinine (ml) 1.0 - - 1.0 - 1.0 -
5 mg/100 ml creatinine + .
307.5 mg/100 ml ethyl (ml) '
acetoacetate ~ 1.0 - - 1.0 - 1 . 0
5 mg/100 ml creatinine +
6l5 mg/100 ml ethyl (ml)
acetoacetate - - 1.0 -
water (ml) 3.0. 3.0 3.0 2.5 2.5 2.0 2.0
saturated picric acid (ml) 0.5 0.5 0.5 1.0 1.0 .1.0 1.0
0.75^ sodium hydroxide (ml) 0.5 0.5 0.5 0.5 0.5 1.0 1.0
A further series of reactions was performed after diluting 
with water (1 in 2, 1 in and 1 in 10) the 5 mg/100 ml 
creatinine standard solution and a solution containing 5 mg/ 
100 ml creatinine and 307*5 mg/100 ml ethyl acetoacetate.
A 1 ml volume of each dilution was treated in un-buffered 
reaction mixtures and the rate of colour development 
measured as already described. Measurements were made 
using a 1 cm cuvette in a Unicam SP 1800 spectrophotometer 
with galvanometer scale expansion (x2, x*+ and xlO for the 
l i n  2, 1 in V  and 1 in 10 dilutions, respectively).
Reaction rate measurements were made using Unicam SP 800 
or SP l800 spectrophotometers according to the procedure 
described under materials and methods in Sections 2.3.1 
and *2.3.3. Measurements were made at ambient temperature 
21°G and in the case of glucose, again at 33°C. 
pH measurements were made during the course of the reactions 
between alkaline picrate reagent and creatinine and some 
of the "interfering" substances (creatinine, 10 mg/100 ml,
ethyl acetoacetate. 103 mg/100 ml; ascorbic acid, 3k 
and. 6k mg/100 ml; glucose, 1,000 mg/100 ml and histidine 
hydrochloride, 11.5 mg/100 ml). As already stated,the 
•reaction mixtures were not buffered. A model 23A (E.I.L.) 
pH meter, with a combined calomel/glass universal electrode, 
was used for pH measurements on the expanded (^pH) scale.
The electrode was immersed in the diluted solutions of 
creatinine or "interfering" substance which were stirred 
magnetically. A stop watch was started at the time of 
half addition of the alkaline picrate reagent and the pH 
measured after timed intervals.
The absorption spectra of the following were measured against 
an alkaline picrate reagent blank (using a Unicam SP 800 
spectrophotometer): 1. alkaline picrate reagent after
reaction with neutral aqueous creatinine standards of 2.5, 
5.0, and 10.0 mg/100 ml. 2. alkaline picrate reagent after 
boiling with glucose solution. 3* alkaline picrate 
reagent after an over-night reaction with serum and subsequen 
1 in 5 dilution with water.
Results and Discussion
The results of experiments to show the colour reaction of 
certain "interfering" substances with alkaline picrate 
reagent are shown in Table 2.25. In- most cases the colour 
development was only significant after a prolonged reaction 
time. During the first kOO sec of the reaction, no 
increase in absorbance occurred in the following : uric 
acid, adrenaline, L-arginine, creatine, methyl guanidine, 
sarcosine and guanidinoacetic acid. Of the remainder 
of the substances only four (ascorbic acid, 5-methylhydantoin 
and sodium pyruvate) reached an absorbance equivalent to a 
creatinine concentration greater than 0.1 mg/100 ml within
rri•p•H
£
r—i
G
OOj—1
tsOOa o “-'-4
1 © O  CM C
G  CO
©  o
rH O
Cj f A
>
•H
3O'1
©
©  O
ri  o
•H t A ori o ••H| © 0 2 0
■P to
r i  O
©  o
ri CM
o
-p  ■ i ■
-
ri
©
ri - P  o© ri o
u  © -4 LA H
a  o 1 A O
©  ©  i © 1 O  O
-P ri to 1 •  •
ri o  o o  ori ri o
O  -rl A
•HCri ©
O  O -4 ’
©  ri o f A  -
r i  ri * A O
• H rQ 9
rH r i  I O o o o
ri  o  ©
,i*! CO O  to
H rQ Ori CM
r©
co ©©
o riG rHri ©
-p
to
93 ©
to o
riO oE riO ©w •9 -4 COc ri•H o
ri CO© rQrir <;o ori o ©© fA CO•P
C•ri
O o
<H O ©O CM to
ri
o ri•H o
-p •H
o -P
r i r i
© r i
r i -P
r i
r i ©3 o /-sO rirHrH o aO oO orC orirH
ri\
LA toCM © vS• o *CM riri© -prH to
rQ rQ
r i 3
Eh C/D
I I
A-
la
o
•rHrH O
CM CM 
f A fAo o
OOOO.-CM 0 0 . 0 0 0
rA fA 
O fH rH
LA LA 
MO fA CM O rH f A
< 1 - 0 0 0 0 0 0 0
CM
a-
rH
CM CM (A fA O O
fALA VO 
O O H
-4 a-coLA O VO O rH CM
O O O O C M  O O O  O O O  - 4 0 0 0 0 0 0 0
A ' ■ rH rH rH CM CM rH CM LA
O f A O o v o O o O O O
O  1O O o 1 o O o O O O
•  1 • ♦ • 1 • • • ♦ • •
o o O  1 O o O o O o 1 o o o o o O o o
f A H i—1rH LA rH f A H A LA
O fA o O A- O O O O O
O O o O O o O O O O
• # • 9 • • • • • •
o o o  o O o o O o o o  o o o o o o o o
LA O LA LA rH O LA O O la LA r-1 H
A M O  LAH A H  ACO CM W -4 LA O O OCM O O O O CM O O O O O  VO O  rH ♦ •• • • • •  • » » • « •  • * * O O
O O O O O O O O O O O O O O O O O  I |
H rl H rH rH CM CM CM CM CM CM fA A  A  rA fA
A
H
fA
A  A O  O O CV fA CA LA rH fA rH I 0\ VO vo CO A- VO CA VO a- a - a- f'- I r H O O O O O f H O O O O O
LA LAO CO N  VO CO A-CO A-VD fACO LA 
I A O O O O O O O
O O O O O O O O O O O O  I O O O O O O O O
O o CV'O OKj A W  C-,40 A H  LA fAOO CO VO CM rHVO VO VO VO CO VO VO vo vo A* A* A- A- A- CM A- A- A- VO fACO LA
O r H O O O O O H O O O O O O f A O O O o O O O
* • 9 • • • • •  •
O O O O O O O  O O O O O  O O O O O O O O O O '
OVO CMO O  AArl A  A A A H  O CM A  COLA VO
vo OJ vo vo CO VO vo fA vo A-VO A- A- A- LA A- A- A~ vo IACO -4O r-1 O O O O O  r H O O O O O O C M O O O O O O O
O O O O O O O O O O O C O O O O O O O O O O
LA rH CM
CM
ri i—I
Or Hr
CO rn
ri -P © ri ri ©0  CD*P © 0^ ©
O t-H H CO rhEC OO O
3 3 3•H *ri *H r© 03 rrj 
O O OCO C/j CO
to to
■& s so o o  X .G ,G
vo (H fA H
ri u u 0 o © 
-p -p -p
3-1 Oh tpCj «5 Cj
r© rn rn
CD © 0
U  U  3
to to to
CD Cj Cj 
©  ©  ©  
a  a  a
to CO CO © © © o o o  ri ri ri© cj ©rO rOri ri rio o o
co to co 
rO ^  rQ
< A  <
rH
a
o to
o r©
t H ri
\ r itcO1©
a ririo -p
• to
ri»4-
©
ri rio •H
rio •H
• -P
CM r i
©
© r irri o
-p
o
©
ori
ri
rQrio
to
rQri
©rri
•p
o
-P
©o
ri©
r i©
©
ri
■P
o©
ri
•Hf©
r*}
rQ
f©©-P
ri’«H
3o
«H
rio
CO
ri£
rcj©
ArirH©r©
■P
ri
©rH
ri
>
•H
3U4©
H CM fA
©
•H
ri•H-P
ri
©
u
o
that of the substances tested, none of those showing 
significant colour development during the early stages 
of the reaction, are normally present in serum to levels 
greater than 1.0 mg/100 ml. The concentrations•of the 
solutions of '’interfering" substances used in these 
investigations were nearly all 10 mg/100 ml or more.
It is therefore, reasonable to suppose that at physiological 
levels, the substances, individually, contribute little 
to the error in creatinine measurement by reaction with 
the Jaffe reagent during the first ^00 sec.
Whilst Table 2.25 shows a negligible reaction with alkaline 
picric acid .of most of the substances tested, Table 2,26 
shows that there is a positive or negative influence on 
the rate of creatinine picrate colour development. This 
confirms the observations of Richter (19kb) and Richter 
and Hess (19^5)• Richter (19^5) suggested that the cause 
of rate reduction was lowering of the pH of the.
reaction mixture by acid interfering substances like 
ascorbic acid or histidine hydrochloride. The pH 
measurements shown in the table are constant for the water 
blank, standard and each test, and yet positive and 
negative rate differences have occurred so that this 
cannot be the reason for the change of rate. This is 
further supported by the results in Table.2.27 showing 
pH measurements during the reaction of a number of 
substances in unbuffered alkaline picrate solution.
The pH rise during the early part of the reaction is probably 
due to equilibration of the glass electrode which takes 
place slowly at pH levels r • greater than 12.0. The
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uxxem, uj-iicicuus in pn vaxues ai"cer equilibration are 
probably experimental but in any case are not of a great 
enough order to influence the reaction to the extent 
experienced. The higher pH values registered in Table 2.27, 
compared with those found elsewhere in the work, are probably 
due to a change from a Pye to an E.I.L. pH meter and also 
to the difficulties in measuring pH at levels greater than 
12.0 .
As already mentioned in the discussion of the results shown 
in Table 2.25> the concentrations of ’’interfering" substances 
used were,for the most part, considerably in excess of 
physiological levels* The effect on creatinine picrate 
colour development of the "interfering” substances at 
lower concentrations, could therefore, be expected to be 
less significant. This is shown to be so in the case of 
ethyl acetoacetate, to be discussed later.
Since biochemical analyses are frequently carried out on 
t'he blood of patients in diabetic coma,with high levels of 
glucose and acetoacetate, it was obviously desirable to 
investigate the effect on the Jaffe reaction of high 
concentrations of these substances. Since also the effect 
of glucose is alleged to be greater after heating (Kostir 
and Rabek, 1950) the reaction was carried out at 21°C 
(Table 2.28) and 33°C (Table 2.29). These tables show 
that a reaction takes place between glucose and alkaline 
picrate reagent which is much slower" than that between 
creatinine and the same reagent. The rate at which the
s
colour develops is seen to depend on the glucose concentration 
and temperature. When glucose is mixed with a standard 
creatinine solution the creatinine picrate reaction itself
is m o a m e a  dux: ir can oe seen rrom- the-; same tables t:ha!; 
glucose exerts a different effect from that which might 
be expected. The 1000 rng/100 ml solution at 21°C causes 
a suppression- of activity over the period 200 to 300 
sec, whereas the 100 mg/100 ml solution causes a 10 % 
enhancement over the same period. At the higher 
temperature of 33°C^suppression of creatinine activity 
occurs for all concentrations of glucose throughout the 
200 to *+00 sec’period of the reaction, (to the extent of 
*+ fo). The absorption spectra in Fig 2.17 show maxima 
at *+32 nm for glucose and serum and *+92 nm for aqueous 
creatinine. This supports the views of Jaffe (1896) 
and Stelegens (1953) that different reaction products are 
formed.' Hawk et al. (19*+7) state that glucose reduces 
picric acid to pic ramie acid to produce a red colour.
From this and the evidence presented it is fair to conclude 
that the slow colour development in the glucose reaction 
is due to picramate formation. It is widely accepted 
that during a reaction between two molecules an intermediate 
"transition state" may occur with which both reactants 
and products are in equilibrium and which governsthe rate 
of reaction. If this is the case with alkaline picrate 
and glucose then a transition complex would reduce the 
availability of picrate for reaction with creatinine and 
thus reduce the rate of colour development (Fig 2.10). 
Competition in this way would be encouraged by increase 
in temperature. This explains the poorer recovery of 
creatinine at all glucose levels at 33°C . .'{Enhancement 
at 21°C when lower concentrations of glucose are mixed
Ftej > 1 1  As^or^ok SPeccEPi mRioos Souuxio&s 
AFttr& &mc(t,on with fV-KftufOS Picgftre
A^So r S b^ cs,
1. . 'X ‘5 cnj^ ioorql CReRnmfdSr
2 £*o cruj/foomt CZtftrciK\.&£
1>  i o o  m ^ / t o s m A  c&k&TiouaS
l* CtUUCoSfc SoUOtiOM (jiPittl $oiUfO^
S SeeoH (VFreR ovjbi^i&u-t jetton
(jOiiMTtb I to *5 WITH WRT6R.)
kSo o
UjFhjeue^ cjTH
i>£o
wj.hn. ^ i’ticaojLiixiiw ib pro!.;dL'i,y. aue to caiaiysis ,
Because, in. the. normal subject , the only reducing, sugar 
to appear in significant amounts in peripheral blood, is 
glucose;- other reducing sugars, alleged to interfere 
with the Jaffe reaction (fructose, galactose, lactose, 
and arabinose; Kostir and Rabek, 1950) were not investigated. 
An incidental observation in this experiment (Tables 2.28 
and 2.29) was that a 12°C rise in temperature from 21 to 
33°C caused a 5*+ $ increase, in the rate of creatinine 
picrate colour development during the 200 to 300 sec 
reaction period and a hO % increase during the 300 to *+00. 
sec period. The bearing of this on actual analyses will 
be referred to’later.
Solutions of ethyl acetoacetate react with alkaline picrate 
reagent to give an apparently immediate increase in 
absorbance followed by a slow further rise to a constant 
level at .*+00 sec (Fig 2.18). . In the case of the reaction 
mixture with a high concentration of ethyl acetoacetate 
(307*5 mg/100 ml) a decrease in absorbance occurs at the 
start of the reaction; once again this has levelled out 
by kOO sec.
The effect of ethyl aceto^acetate on the rate of creatinine 
picrate colour development varies with its concentration 
(Table 2.30). At levels up to 102.5 mg/100 ml (final 
reaction mixture concentration 1.56 mM) an apparent increase 
in creatinine is seen. Some of this increase may be 
accounted for by a temperature increase from 21.5°C>during 
the reaction involving the 1 ~mg/100•ml creatinine standard^ 
to 2k.5°C> during the reaction with mixed creatinine and 
10.25 mg/100 ml ethyl acetoacetate.
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mixture concentration ' 5 , 7  sM) a marked, suppression of
the rate of creatinine picrate complexing takes place.
During the 200 to 300 sec period, although the absorbance 
of mixed creatinine, e t h y l  acetoacetate solutions with, 
picrate solution is at any one time much greater than with 
creatinine and picrate alone, the rate of increase of that 
absorbance is 38 % less. It seemed, that this situation 
arose simply as a result of picrate removal from the system 
by the much faster reaction with the acetoacetic ester. 
Calculation, however, shows that this cannot be the sole 
cause for the rate decrease. The standard concentration 
of picric acid in the reaction mixture is-5*375 niM. On 
the basis of an equimolar reaction with *+.7 mM ethyl aceto­
acetate a concentration of 0.675 picrate would remain 
available for the creatinine picrate reaction. Reference 
to Fig 2.10 shows that this concentration of picric acid 
would result in a 23*5 % rate decrease over the 200 to 300 
sec period compared with the normal picrate concentration.
The 15.5 % discrepancy between actual and calculated 
decrease in reaction rate suggests that.the mechanism of 
interference is not a simple one. This is supported by 
the facts that doubling the picric, acid concentration does 
not improve creatinine recovery and conversely doubling the 
ester concentration does not double the degree of suppression 
of reaction rate (Table 2.31).
To explain the phenomenon of very rapid fade of the intense 
colour resulting from reaction between alkaline picrate 
and high concentration of creatinine Seelig (1969) 
postulated the formation of a "colourlessM di-creatinine 
picrate complex. This he suggested would form more slowly 
than the mono-creatinine Dicrate and would therefore cause
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ci secuauary reaucuon m  colour. This argument extended 
to ethyl acetoacetate would explain the observed fall 
in absorbance at high ester concentration and also the 
fact that suppression of reaction rate occurs to a greater 
extent than that calculated by simple reduction in "active” 
picrate concentration.
Although, it is not likely to be a frequent finding, 300 
to *+00 mg/100 ml levels of ketone bodies have been 
reported in the plasma of diabetics and up to f^O % of 
this is likely to be acetoacetic acid. It was therefore 
important to make provision in the method for high levels 
of this substance. As alteration of alkaline picrate 
reagent was not effective in improving creatinine recovery 
simple dilution of sample was attempted. The results in 
Table 2.32 and Fig 2.19 show that interference from 
307.5 mg/100 ml ethyl acetoacetate was removed by 1 in 
10 dilution and reduced to a negligible level'at a 1 in 
k dilution if measurements were made over the period 300 
to *+00 sec.
From the results discussed above it appears that the 
reactions of different substances with alkaline picrate 
reagent fall into one of two categories:
1. A slow reaction involving the reduction of picric to 
picramic acid, possibly with the. formation of a colourless 
intermediate transition complex.
2. A rapid reaction involving the formation of a coloured 
complex. The rate of complex formation appears to vary 
with the substances involved. The behaviour of alkaline 
picric reagent with creatinine and other substances will
be discussed further in the general discussion.
Ta
bl
e 
2.
32
 
Th
e 
ef
fe
ct
 
of 
di
lu
ti
on
 
on 
th
e 
re
co
ve
ry
 
of 
cr
ea
ti
ni
ne
 
in 
th
e 
pr
es
en
ce
 
of 
et
hy
l 
ac
et
oa
ce
ta
te
oo ©p w -d
ONo o Oo o ft'tO ~d O
© o
10 O ©
© P  ©
© ou o O oo o o CMS3 CM ^j- •H "
ft
o
©OS3
©  Of-O o  ©
!h P  » voo ora o o rH,Q O O ft<  CM to O
o
o  ©
P  w oCMo o rHo c ftH CM O
o o o © -4- to
o o(DO© 
O  to W
§
OCOr©o o -dvoo © CM -dCM CO • ftO ' c
o o o ©
rH to
rHg
Oo
s
3O
•H
P©UP
3
.©O
3oo
£
-d
o00to
A
rH
O
CO
©3•H
3
•rH
P©©3o
o A vo CM o CMAvo -i. to CM CM Oo o o o O Oft ft ft ft ft ’ ft
o o o o o o
o
rH
H
.3 (A 
P  •
© a  o + to
*lfN
CO 
p 
© © 
3 P  •H © 
3 O•H © 
P  O © P © © 
U O O ©
C\J
o o
coin ON -d ON -L
3-
voCM ON A -d rH
rH O O O o O
ft ft ft • ft ft
o o o . o c O
AOin CM 00 A to ONvo m to CM CM oo o O ’ O o oft ft ft ft . ft ft
o o o o o o
ON A o CM CMO4. m . tO to CM rHin o O o O O• • - ft ft ft ft
o o . o o o o
o
ON CO o vo A inCO -d -d to ON voin CM to rH rH o• ft ft ft ft ft
o O O ■ o O o
ON rH *d •d vo
COACM O O rH A min CM to H rH o
• ft ft ft ft •o O o O O o
ON VD A . to
CM
CO-d VO CO in ~d
i—1 CM O rH oft ft ft ft ft
o o O o o
o ON A rH
oCO
ON CM m t o t ooft CM oft - H ft oft
O
,— v ,-S /-S •— i
H CM H CM v_/
v~—' v'->
<H
o<k
o ' O o o (-1
S3' 3 3 3 o
O O O O •«H
•H . *H •H •H P>
P P P P 3
3 3 3 3 rH
rH rH rH rH •H
•rH •ri •H •H no
f© rO rd
O
CM CM *d -d rH
3 3 3 3 3
•H •H •H •H •H
rH rH rH i— 1 i— 1
to -d in vo A
- CM
aoo*
o
aLO
Hoft
o
m
cooo
o*
-d
CTs
OO
o*
CM
to
ON
Oft
o
oNO00oft
c
in
a
Aoft
o
H
CO
vooft
o
CM
'h
o
S3o•H
P
3
rH
•Hno
O
rH
S3•H
rH
CO
V<f. tI VS (A,' bFFecr © f t u r n o n  6^ *t^ £' M & & m e*vr
OF 6^ sr«c#o<fa& fs jioo pal) m  rwe
OF ertWu Ac&fo/VCJBTftT6. (soi-6 /ic^nl)
© Souotto^
A'S>t><l&RfJCS 
I'M G&6A&& S  D O  —  M r O O  S€0
A r^U^Op CfafcA-ti<\siM€ Er r« N u  
ArCe-ro fcc-■&Yftlfe Souyti otlS
I to 2. i-0
T>i uuTiocl
the kinetic method. Comparison of kinetic and Auto- 
Analyzer methods.
Many reports have been made about low recovery of creatinine 
after its quantitative addition to serum samples.
Camara, Arn, Reimer and Newburgh (1951) showed some 
recoveries as low as 78 %. Roscoe (1953) disagreed with 
the earlier theories that creatinine loss occurred during 
protein precipitation and suggested that the low recoveries 
were due to modification of alkaline creatinine picrate 
to give a lower colour. He showed improved recoveries . 
of creatinine if “neutral" serum infiltrates were 
sufficiently diluted before development of colour. Owen 
et. al. (195*+) were unable to confirm this finding but 
themselves found that recovery was improved if "acid 
filtrates" (pH 2.5) were used instead of "neutral 
filtrates" (pH 2.5). Taussky (1956) confirmed that a 
•strongly acid medium for precipitation was required for 
100 % recovery of creatinine.
The estimation of creatinine in the presence of protein 
using the proposed kinetic method demands that the reaction 
is carried out at a high pH. Creatinine recovery 
experiments were therefore performed and the conditions 
leading to the best recovery were determined. The 
method was then compared with the routine Technicon 
Auto-Analyzer method by analysing a variety of serum 
samples by both procedures.
Materials and Methods
A diluent of either water or bicarbonate/sodium hydroxide 
buffer solution pH 11.0 was used in the reaction mixture 
(as described under materials and methods 2.3.3)r
Neutral aqueous creatinine standards were prepared at 
a strength ten times greater than those previously 
described (i.e. creatinine concentrations of 5*0, 10.0,
20.0, 50.0 and 100 mg/100 ml) so that only one tenth of 
the usual volume (i .e-.0.1 ml) was required to give 
concentrations equivalent (in reaction mixtures using
1.0 ml of serum) to serum levels of 0.5, 1.0, 2.0, 5*0, 
and 10.0 mg/100 ml creatinine.
Reaction mixtures for the recovery experiments were prepared 
as shown in Table 2.33
Table 2.33 Composition of the reaction mixtures for
recovery experiments
Solution ml of solution added to reaction tubes
Blank Blank Standard Standard
(H2O) (serum) (H2O) (serum)
Buffer
solution 3.0 3.0 3.0 3.0
Water 1.1 0.1 1.0
Strong 
creatinine 
standard 0.1 0.1
^Pooled
serum 1.0 1.0
* Pooled serum prepared by mixing the unused excess 
from a number of samples of patients' serum.
xne reaction was timed from a point halfway.- through the 
addition to each tube of 1.0 ml of alkaline picrate 
reagent (equal, parts saturated aqueous picric acid and 
0.75 M NaOH mixed freshly). Measurements were carried 
out (as described under materials and methods 2.3.3) at 
510 nm in 1 cm glass cells.
Effect of Triton X-100 on the recovery of creatinine 
from neat serum.
To test the effect on creatinine recovery of the non-ionic 
surfactant, Triton X-100’, reaction mixtures were'prepared 
as shown in Table 2.3*+ - Triton X-100 (0.2 ml) was dissolved 
in 100 ml sodium bicarbonate/sodium hydroxide buffer (pH 11.0) 
Aqueous creatinine standards were prepared (freshly) by 
dissolving 1.0, 5*0 and 10.0 mg creatinine in sodium 
bicarbonate/sodium hydroxide buffer (pH 11.0) and making 
each to a volume of 100 ml with the buffer solution.
Table 2.3*+ Compostion of the reaction mixtures used to study 
the effect of Triton X-100 on the recovery of 
creatinine from serum 
Solution ml of solution added to reaction tubes
Without Triton X-100 With Triton X-100
Blank Blank Std Std Blank Blank Std Std 
(HpO) (serum) (H2O) (serum) (H2O) (serum) (H2O) (serum)
Buffer 3.0 3.0 2.0 2.0 2.0 2.0 1.0 1.0
Buffer +
Triton X-100 —  — - —  1.0 1.0 1.0 1.0 1.0
Water 1.0 --- 1.0   1.0   1.0 — *
Buffered
creatinine,
standard  -- —  1.0 1.0     1.0 1.0
Pooled serum -—  1.0 --- 1.0 - 1.0 -—  1.0
*Std = Standard
As above, the reaction was timed from a point halfway 
through the addition,to-each of the reaction tubes 
of 1.0 ml of alkaline picrate reagent.
Effect of urea on the recovery of creatinine from neat
serum.
A similar experiment was carried out to determine the
effect of high concentrations of urea on the recovery
of creatinine from serum. The reaction mixtures for 
this experiment are shown in Table 2.35 
Water was used as diluent throughout.
Double-strength aqueous standards containing 2.0, 10.0 
and 20.0 mg creatinine per 100 ml were prepared. In
the reaction mixture these are equivalent to serum 
creatinine values of 1.0, 5*0 and 10.0 mg/100 ml.
An aqueous solution containing 30.0 g/100 ml urea was 
also prepared.
Table 2.35 Composition of reaction mixture used in the study
of the effect of urea in the recovery of creatinine 
from serum
ml of solution added to reaction tubes
without urea with urea
Blank Blank Std Std Blank Blank Std Std
Solution (Serum) (H2O) (Serum) (H20) (Serum) (H2O) (H2O)
Water *f.O 3*0 3.*5 • 2.5 3*5
30 g/100 ml ' .
urea -----------------       0.5
Creatinine
standard ----   — - 0.5 0.5
Pooled serum  1.0 .- 1.0 — -
2.5
0*5
1.0
3*0
0.5
0.5
2.0
0.5
0.5
1.0
* Std = standard
Effect on recovery of creatinine from serum, of reducing 
sample size.
A recovery experiment using smaller serum samples was 
.carried out as follows :
Neutral aqueous solutions of creatinine were prepared from 
a stock solution.containing 100 mg/100 ml in 0.1 M HCI.
The stock was initially diluted with an equal volume of 
0.1 M NaOH and then with water to provide creatinine . 
concentrations of 5*0, 10.0, 20.0,and 50.0 mg/100 ml.
These solutions were then diluted 1 in 5 with serum or 
water to provide concentrations of 1.0, 2.0, *f.O and 10.0'. 
mg/100 ml creatinine. A blank solution of water and a 
serum blank containing 1 part water + k  parts pooled serum 
were also prepared.
The rate of formation of alkaline picrate was measured on 
each of these solutions in buffered (pH 11.0 bicarbonate 
hydroxide buffer) and unbuffered reaction mixtures (as 
described above). Rate measurements were also made 
using only 0.2 ml in 5*0 ml reaction mixture instead of 
the usual 1.0 ml. The 0.8 ml difference in volume was/ 
made up by adding an additional 0.8 ml water or buffer 
solution to the reaction mixture.
Comparison of kinetic with Auto-Analyzer and manual (Lloyd's 
reagent) methods of creatinine assay
The kinetic method was carried out using the following 
reaction mixture :
1.0 -ml of water (blank) , aqueous creatinine solution 
(standard), or serum diluted with 3.0 ml bicarbonate/hydroxid 
buffer pH 11.0 (see materials and methods 2.3.3)> and the 
rate of colour development timed from the mid-point of the
above) . Creatinine concentrations were - calculated by
comparing the absorbance increase of serum reactions with
that .of neutral aqueous creatinine standards over the
same period of time (usually 300 to ^00 sec).
With the Auto-Analyzer, the Technicon N 11a method was
used. With this method the creatinine standards are
-
diluted in 0.1 M HC1 and the Jaffe is added to a dialysate 
of the serum or standard. .. .
The manual method using 'Lloyd's reagent was carried out 
as follows :
Protein was removed from serum by precipitation with 
tungstic acid. To 2.0 ml serum was added 2.0 ml distilled 
water, 2.0 ml 5 $ sodium tungstate solution and 2.0 ml
0.33 M sulphuric acid.- After mixing the sample was 
centrifuged to remove the precipitate.
Creatinine standard solution was treated in the same viay 
as the serum, although centrifugation was not necessary 
in this case. A water "blank” was also treated with the 
same .reagents.
Supernatant fluids (*+.0 ml) from the serum-sample or blank 
and standards (prepared as above) were pipetted into 
separate centrifuge tubes and 1.0 ml of a well mixed 
suspension of Fuller’s earth ( 1.0 g in 10.0 ml water) and
0.5 ml oxalic acid solution (9*5 %) were added. The tubes 
were then stoppered with plastic stoppers and shaken for 
10 min. After this time the stoppers were removed, any 
precipitate was washed from the sides of the tubes with a 
few drops of distilled water and the tubes’ centrifuged at .
3,000 r.p.m (in an MSE bench centrifuge) for 20 min.
The supernatant fluid was then carefully poured away, with­
out disturbing the packed precipitate, and the droplets
or liquid removed from the rim of the tube with filter 
paper.
To the packed deposit 5.0.ml of alkaline picrate reagent 
was added (3 parts saturated picric acid, 3 parts 0.75 M 
NaOH and 10 parts distilled water). The tubes were again 
stoppered, shaken violently to suspend the precipitate, 
and then gently for 10 min.
After this treatment the stoppers were removed, and the 'tubes 
again centrifuged- (3,000 r.p.rn for 10 min).
The supernatant fluid was then removed with a Pasteur 
pipette into 1 cm glass cuvettes and the absorbance 
measured after 30 min, against a reagent blank at 510 nm 
in a Unicam SP l*+00 colorimeter. Serum creatinine 
concentrations were calculated by comparison with the 
absorbance of aqueous creatinine standards.
For the comparison of the Auto-Analyzer and the kinetic 
methods of creatinine estimation, 9*+ randomly selected 
samples of serum were used, some with pathologically high 
levels of creatinine. In the comparison of the manual 
(Lloyd's reagent) and kinetic methods, 25 samples were 
used.
Results and Discussion
The results in Table 2.36 when compared with the standard 
creatinine curves (Fig 2.20) show creatinine recoveries 
of less than 100 % from "spiked" pooled serum (in all but 
one case, when unaccountably, a recovery of 105 % was 
obtained). In the same table (2.36) it can be seen that 
recoveries of creatinine are better when the calculations 
are based on the magnitude of the absorbance increase
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It was thought possible that the low recoveries of creatinine 
from serum may be explained by protein binding. To 
investigate this it was thought reasonable to attempt to. 
displace any bound creatinine with the use first, of the 
non-ionic surfactant Triton x-100 and then urea. The 
addition of 0.2 % Triton x-100 to this buffer diluent is 
seen in Table 2.37 to have no effect on the recoveries.
From Table 2.38 the only effect of adding 0.5 ml of 30 % 
urea to the reaction mixture appears to be the development 
of a blank colour with alkaline picrate reagent. Addition 
of urea did not improve the recovery of creatinine 
quantitatively added to the serum..
The results indicate that protein binding is not the cause 
of the reduced recovery of creatinine from serum. There 
remains the possibility of interference from substances 
competing with creatinine for the alkaline picrate reagent. 
This was successfully overcome in the case of interference 
from ethyl acetoacetate by dilution of the sample (Section 
2.3.^). The effect of dilution on the recovery of 
creatinine from serum is shown in Table 2.39* The percentage 
recoveries calculated by reference to the standard curves 
(Fig 2.21) are much higher than those’obtained with normal 
serum samples. Again, the most suitable period for the 
measurement of absorbance increase was from 300 - *f00 sec 
when 100 % recovery was achieved for each level of added 
creatinine.
Comparison of the kinetic and Auto-Analyzer methods w*as 
made by analysing 9^ - serum samples first by the Auto-Analyzer 
‘ and then by the kinetic method.
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Many or tne comparisons were made before the advantage of 
dilution(or smaller serum samples) had been discovered.
In spite of this a coefficient of linear correlation was 
achieved of 0„977« The equation for the regression line 
relating the two sets of results is y =.0.88 x - 0 .05  
where the Auto-Analyzer results are plotted on the x axis 
and the-kinetic results on.the y axis. A similar comparison 
of the results of 25 sera assayed by the kinetic method and 
the manual method (using Lloyd’s reagent) gave a coefficient 
of linear correlation of 0.99^ -* The equation for the 
regression line is y = 1.2 x - 0.l6 (where the’kinetic’ 
results^ were plotted on the x axis and the Lloyd’s results 
on the y axis). , .
The method for measurement of serum creatinine, using the 
Vickers machine was evolved on the basis of the results 
of the experiments described in Section 2.3.
Materials and Methods
The details of the method for the Vickers-machine are given 
in Appendix 3.
Neutral aqueous'creatinine standards were prepared which
contained 0.5? 1*0, 2.0, 2.5? *+.0, 6.0, 10.0, 15.0,and
20.0 mg/100 ml. Test ‘samples were provided from a number
of randomly selected serum and plasma samples which had 
*
been previously assayed for creatinine by the Auto-Analyzer, 
N 11a method. Further samples were provided from pooled 
serum.
To simulate the conditions on the Vickers (Multichannel - 
300) analyser,; both serum, plasma and aqueous standards 
were diluted 1 in 5 with distilled water' before transferring 
to the sample cups of the D - 300. A warming-up'period 
of at least 15 min, followed by a stabilization period of 
30 min, in which the machine was run using water as 
’’sample", 'diluent" and "reagent". The colorimeter was 
adjusted according to the manufacturers instructions..
A maximum "gain" setting was used throughout the series of 
investigations.
The colorimeter output is measured on a digital voltmeter 
(Weir Electronics Ltd) which was adjusted to its most 
sensitive full-scale range of 1 .9 volts. With reagent- 
blank solution in both the "test" and "reference" cuvettes 
the "zero" was slightly off-set to give a reading of between 
5 and 20 mV. The reason for this is to ensure that a 
negative drift of the blank does not go unobserved since
making these adjustments, water was .sampled repeatedly, 
until a stable colorimeter output was obtained for the 
reagent-blanks. The temperature of the rotor was set 
at a nominal 30°C. Linearity and reproducibility of'the 
method were tested by arranging the standards (in groups; 
of four cups for each level of creatinine) on the sample 
plate in ascending order of concentration. These were 
followed by grouped samples of pooled serum interspersed 
with water samples. '
To investigate more carefully the reproducibility of the. 
method a neutral aqueous creatinine standard of 6.0 mg/100 
ml was repeatedly sampled from the same beaker. This 
standard was used in the following situations i
1. with the rotor temperature set a 30°C and the reagent 
at ambient temperature (22°C)
2. with the rotor temperature set at 30°C and the reagent 
warmed to 36°G by standing it in a water bath (at 37°C)
3. with both the rotor and the reagent at ambient 
temperature (22°C)
During this experiment the temperature of the reaction- 
mixtures was measured immediately before the colorimeter 
sampling-position, by means of a thermistor previously 
calibrated against a mercury thermometer.
Temperature records were obtained as peaks on the chart of 
a 10 mV recorder.
Recovery experiments were carried out by analysing pooled 
serum samples before and after the addition of a 2.00 mg/100 
ml standard. The samples were prepared by diluting
water (b) 1.0 ml of 2.0 g/100 ml creatinine standard 
with k .0 ml water, and (c; i. .0 ml of pooled serum and
1.0 ml of 2.0 mg/100 ml creatinine standard with 3.0 ml 
water. Two different samples of pooled -serum "were used 
in this exercise.
Comparison with the Auto-Analyzer was made with 30 
randomly selected samples of serum and plasma.
Carry-over was tested using 2 pooled serum samples, one 
with a high and the othe’r with a low level of creatinine. 
The samples were arranged on the rotor with 6 identical 
“high” followed by 6 identical ."low" samples and these in 
turn followed by 2 further "high11--sample’s.
Results and Discussion.
The details of the method for the estimation of plasma - 
serum creatinine on the Vickers machine (Appendix 3) were, 
decided on the basis of the results described in Section 
2.3> summarised as follows :
1. a wavelength of 510 nm (2.3*2) to provide the 
maximum sensitivity
2. a reaction-mixture picric acid concentration of 
5-375 x 10r3M (2.3.3)
3. a reaction-mixture sodium hydroxide concentration of
0.075 M (2.3*3)*
*+. a buffer diluent pH 11.0 prepared by mixing 50.0 ml 
of 0.05 M sodium bicarbonate with 22.7 ml of 0.1 M sodium 
hydroxide (2.3*3) f
5. a temperature at the nominal setting of 30°C to 
increase the sensitivity of the method (Tables 2 .28 and 
2.29? in Section 2.3•*+? show a. kO fo increase in the rate
leaction
cavity i'­ 2 3
Cycle
k< 5 . 6 7 s
mV out out of colorimeter
6 ll- 6 6 16 • 19 23 15 19
18 15 17 23 .. 30 29 23 26
8 11 8 6 16 • 20 26 ■ 13 18
9 13 7 6 16 23 23 16 19
10 17 15 12 19 31 29 23 26
11 19 17 15 23 33 31 , 27 26
12 11 16 12 22 3^ 28 2k 29
*13 25 21 21 27 39 3^ 28 33
Reaction cavities 6 - 9 contain 0.5-mg/100 ml creatinine sample. 
Reaction cavities 10 - 13 contain 1.0 mg/100 ml creatinine sample.
* ’’Blank” cavities showing poor heat transfer.
in temperature from 21 - 33°C). It is acknowledged that 
by increasing the temperature there may be a if $  decrease 
in recovery due to glucose (Table 2.29).
6. a 1 in 5 dilution of sample (required by the Vickers 
MC-300) which is fortuitously advantageous (2.3.*+)
The plot of the concentration of aqueous creatinine 
standards against the output of the colorimeter of the 
Vickers D-300 (Fig 2.22) shows a scatter of mV readings 
for each group of four standards. One member of most of 
the groups is markedly higher than the others. It can 
be seen that when this deviant member of each group is 
excluded, and the concentration curve plotted through the 
average mV value of the remainder, linearity is achieved 
to a creatinine concentration of 15.Ogmg/100 ml. Above 
15/0 mg/100 ml there is a marked up-swing in the mV out­
put, possibly due to non-linearity in the early model of 
the Mk 11 colorimeter used.
In this experiment the sample, plate and reaction rotor 
were synchronised so that the same sample and sample-blank 
were dispensed into the same "test" and "blank" reaction 
cavities for every complete revolution of the rotor.
The same group of standards was allowed to cycle 8 times.
On each occasion it was noted that the same reaction caVity 
was associated with the high result. This effect is 
illustrated in Table 2 A 0  where the results are shown for 
the 0.5 and 1.0 mg/100 ml aqueous creatinine standards.
The obvious change in the mean mV output, from cycle 3 to 
cycle b, is due to a readjustment of the "zero" setting
_ ^ . 3 2 .  Pwo-c of C o U o r e v k £ r rQisrPOT (m V 3
or -TH& Yic«6^.s Iz-'Zoo &a*viw^t
C t 2 . 1 £ f V n W i N 6  C e > t e 6 £ < 4 T R i V f i « P M  ( . « * $ /  l * P O M
2oo
loo
•ward dri i'k of the reagent and blank reading. •
To include the possibility of contamination, the standards 
sharing a high colorimeter output were replaced by fresh 
standards of identical concentration in fresh sample cups 
ana the reaction cavities were thoroughly washed with 
detergent and rinsed with distilled water. This did not 
alter the situation.
With no allowance being made for the high results, associate 
with a particular reaction cavity, the reproducibility of 
the method was determined using pooled serum samples.
The mean colo rime trio output were replaced by fresh 
standards of identical concentration in fresh samplecups 
and the reaction cavities were thoroughly washed with 
detergent and rinsed with distilled water. This did not 
alter the situation.
With no allowance being made for the high results, 
associated with a particular reaction cavity, the re­
producibility of the method was determined using pooled 
serum samples. The mean colorimeter output for 27 samples 
of the same pooled serum was *+3.26 mV and the standard 
deviation *+.37 (coefficient of variation 10.12 % ), This 
unacceptably high standard deviation emphasized the 
importance of determining the cause of the between-cavity 
variation of results. It would be difficult to imagine 
a mechanical fault giving rise to this situation; therefore, 
since the colour reaction is so sensitive to temperature, 
it seemed that the variation in result could, more reason­
ably, be due to the uneven heating of the rotor.
cavities in which the high results occur, or under­
heating of the corresponding “blank" cavities. To test 
this possibility a neutral aqueous standard containing
6.0 mg creatinine per 100 ml, was sampled throughout the 
rotor cycle, from a single, large beaker. The millivolt 
output of the colorimeter for this standard is combined 
with the temperature record in Fig 2.23. From this it 
is seen that a lo\\? "blank" temperature coincides with a 
high colorimeter output 'in reaction cavities 1, 7 9 12,
1 8, 2k and fairly regularly every sixth tube round the 
rotor. The uneven heating of the reaction tubes appears / 
to be due to the fact that the cavities in the aluminium 
rotor are "gang-drilled" in groups of 6 with one of the 
drills being slightly oversize. This situation creates 
an insulating air space in the oversized cavity between 
its wall and the polypropylene liner.
Improvement would best be achieved by precision-drilling 
of the cavities. However, a remedy was eventually 
effected by packing the polypropylene liners into the 
rotor in a metal loaded silicone grease of high thermal 
conductivity.
In the meantime, it was hoped to reduce temperature 
variation to an acceptable level by preheating the alkaline 
picrate reagent. The millivolt output of the colorimeter 
and the temperature record of the reaction -with heated 
reagent are shown in Fig 2.2^ it can be seen that a 
higher, more even, temperature was achieved (3 2 .5 - 33°C, 
compared with 31*5 - 32.7°C) and a correspondingly higher 
and less fluctuant millivolt output from the colorimeter 
(Table 2.hl). A similar series of results are given in 
Fig 2.25 when both rotor and reagent were at ambient
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temperature (22 ~ 22.l5°C) was accompanied by-a lower 
more constant millivolt colorimeter output (Table 2.Vl)
Table 2.^1 Effect of rotor and reagent temperature on the
t .
colorimeter output (mV) of the Vickers D-300
Temperature N° of Creatinine Mean SD C of V 
setting °C samples mg/100 ml .mV %
Rotor Reagent
3 0(1 ) 2 2 60 6 ' 117 A . 6 3.9
C
Mor
n 36 60 ' 6 12 7 3 A 2.7
20(3)
2 2 60 6 90 2 .0 2 .2
*C of V = coefficient of variation
Measured temperature of reaction mixture 1. range 31.5 - 32.7°C
2. range 32.5 - 33°C
3. range 22 - 22.15°C
From Table 2.*+l it can be seen that an increase in 
sensitivity o f b l % is achieved by increasing the reaction 
temperature from about 22 to 32.5°C. By preheating the 
reagent to 36°C the reproducibility of the method was 
improved from a coefficient of variation of 3 .9 to one 
of 2.7 %. Preheating clearly reduces the effect of 
variable heat transfer in the reaction cavity.
Recovery experiments were carried out with a rotor 
temperature setting of 30°C and with the reagent at 22°C. 
Those reaction cavities shown to have a poor thermal 
* conductivity were excluded. The results of the recovery 
experiments are shown in Table 2 J+2.
Table 2.*+2 Recovery of creatinine quantitatively added to
pooled serum samples
Sample Mean Creatinine* Creatinine $ recovery
mY mg/100 ml recovered
.1 Serum A 35 1.55
2 Serum B !t? 2.5
3 Standard ' 39 1.9
V  A + standard 56 3.2 3.2 - 1.55 = 1.65 87
5 B + standard 71 '+•'+ . !; . !r - 2.5 = 1.9 100
* Creatinine concentrations were calculated by reference to the 
standard curve with a regression of y = 12.819 X + 15.085 where 
y = mV colorimeter output and X = creatinine concentration 
(mg/100 ml)
The reason for this low recovery of creatinine added to 
serum A(Table 2A2) is not clear but it may be associated 
with uneven heating.
For the comparison of results with the Auto-Analyzer the 
rotor temperature was set at 30^0 and the reagent was 
added at 22°C. As with the recovery experiment r. those 
reaction cavities known to be associated with markedly 
high results were avoided. The equation for the regression 
line relating the two sets of results is y = 1.023 X - 0.003 
(Y = D-300 results and X = Auto-Analyzer results). The 
coefficient of linear correlation of the two methods = 0.997
i
The results of the carryover experiment are shown in
Table 2 A 3  from which the % carryover was calculated
b - b'
according to the formula k = ______  (Broughton et al.
a - b ’
1969).
w iie X'C • xx " —  • v: c i  J. J. Y u  v
a = the recorded value of creatinine (expressed as mV) 
for the "high" sample, 
b .■ = the recorded value of creatinine, (expressed as mV) 
for the "low" sample , . 
b' = the ntrueMvalue; of creatinine (expressed as mV) 
for the "low" sample 
As the Vickers machine operates with 2 sample probes, it 
is necessary to consider the samples in pairs if the total 
carryover is to be measured. Thus the recorded creatinine 
(mV) in the "high-creatinine" samples is calculated from .
- . ■ . 21 
Table 2.*+3 Sample carryover in creatinine assay, by • 
the Vickers D-300
the average of the pair of samples immediately pctc.gzding th e  
126 + 12?
of "low" samples (i.e a = = 126.5 mV)
Sample order
High 1
2
125
13^
120
130
5
6
126
127
Low 7 39
*fl8
9 39
10 39
bo11
12
High 13 
lb
125
123
calculated from the average of the pair immediately
39 + ^1
following the group of nhighn samples (i.e b = _ _ _ _ _  =
2
^0 mV). The "true" value of creatinine in the nlown 
samples is calculated by averaging the last k in the group 
of nlown samples, since these will no longer be influenced 
by the ’’high” samples , (i.e b * = 39 + 39 + *+0 + *+2 = Ifq my)
Substituting these averages in the formula given above : 
k = *+0 - kO
126.5 - bO 
0
86.5
Thus there was no measurable carryover of creatinine 
from the "high” to nlowM samples.
In the case of the "high" following "low" samples : 
the "true" value of creatinine for the "high" samples 
is calculated from the last k in the group of 6
^  130 + 120 + 126 + 1 2 7  *
U-e   .........  _ _  = 126 mV)
k
The recorded value for the nlown samples is the average 
of the pair immediately preceding the "high" pair
a -^0 + k2 . 
vi • e ________  = *fl mV)
. 2
The recorded value for the "high” sample is the average of 
those two immediate following the "low" series
(1., * 123 = 12V)
2
Again substituting k = 12^ - 126
h i - 126
-  2
• Carryover - — -—
* (low to high) - - 85
= 9 O <fL
in the assay of creatinine by the Vickers D-300 was 
negligable from "high” to "low" samples but was 2.3 % 
in the reverse direction. It is possible that some of 
the error observed was artefact due to the uneven heating 
of the rotor and will be improved when a more uniform 
heat is achieved. •
Conclusion
The. experiments in Section 2.3.6 show that the kinetic 
method of creatinine assay is suitable for use with the 
Vickers machine, if the problem related to uniform heat 
transfer is overcome. As an interim measure, the potential 
of the method has been demonstrated by avoiding those 
reaction cavities known to seriously affect the results. 
Under these circumstances, it has been shown that "low" 
carryover, satisfactory recovery end good correlation with 
the Auto-Analyzer method is possible.
It has been shown that improved sensitivity and precision 
of the method may be obtained, by pre-heating the alkaline 
picrate reagent. It is therefore recommended that when 
uniform heating of the cavities has been achieved, that 
this be adopted as a routine procedure.
3 Development of Chemical Methods 
3.1 Introduction
In the General Introduction the importance of simultaneous 
and concordant development of machine' and chemistry, was 
noted. Certain requirements of the system made it 
necessary to define criteria for chemical methods. In 
some instances the methods available, with only slight 
modification, fulfilled these criteria. In others 
extensive alterations were necessary. In addition to 
creatinine, described in Section 2, the tests investigated 
are those which constitute the bulk of the routine work- 
load in clinical laboratories, namely : bicarbonate,
chloride, urea, total protein, albumin, total bilirubin, 
aspartate transaminase, and alkaline phosphatase, lactate 
dehydrogenase, glucose, and inorganic phosphorus. It . 
was originally intended to estimate calcium by flame 
photometry and therefore colorimetric calcium estimation 
was not considered. Sodium and potassium were omitted 
for the same reason.
The methods proposed for use with the Vickers Multichannel 
Analyser (MC - 300) are given in Appendix 3. All were 
developed using a single or dual channel prototype machine 
and using a 1 in 5 aqueous dilution of plasma sample.
This was to simulate the primary dilution used in the 
multichannel analyser. A description of the methods now 
follows.
Albumin
Although much effort is being concentrated on the 
fractionation of plasma proteins by electrophoresis 
and Immunoelectrophoresis, there is still a need 
for a rapid screening procedure involving merely 
the separation of albumin from globulins. Varley 
(1969a) summarised the work done on salt fractionation 
of proteins. •
Various concentrations of sodium sulphate and sulphite 
are used to precipitate the globulin fractions.
These techniques cannot easily be used with discrete 
analysis systems as the removal of the globulin is 
required before albumin can be measured.
Glenn(19o5) described a method for use with the 
Technicon Auto-Analyzer which measured the turbidity 
produced by the precipitated globulins, albumin being 
calculated by difference between this and the total 
protein.
In recent years the direct estimation of albumin has 
been achieved by the application of a phenomenon 
described by Sorensen (1909). This consists of marked . 
colour change of certain pH indicators in solution - 
after addition of protein but without significant pH 
change. The manual method of Hutstein, Ingenito and 
Reynolds (195*+) using 2-(h-hydroxy-azobenzene)-benzoic 
acid (HABA) has been modified for use with the Auto- 
Analyzer (N-l5b method of Technicon Instruments Corporation). 
However, it has been criticised on the grounds that 
various other substances also react, for example,
ne.pann gives positive, and salicylates' 'negative, 
interference (Niall and Owen 1961, 1962). In': addition 
to salicylates, Northam and Widdowso 11 (196?) noted 
interference from bilirubin, haemolysis and turbidity, 
'&rvan and Ritz (1969) found sulphonamides, penicillin and 
high concentrations- of free fatty acids to cause a lowering 
of albumin results.
Keyser (1961 and 1962 a and b) demonstrated that the use 
of methyl orange as the indicator overcame the problem 
of interference from all* sources- except those of turbidity 
and haemolysis.. Bartholomew and Delaney (196*+); Hernande 
Murray and Boumas (1967); Northam and Widdowson (1967) and 
Boumas, Watson and Biggs (1971) all described the use of 
bromocresol green buffered at acid pH and measured the 
increase: in blue colour with addition of albumin. Kodkey
(1965) suggested the converse approach of using a blue 
alkaline solution of bromocresol green and measuring the 
decrease in absorbance (at 620 nm) with albumin addition. 
Other sulphonphthalein indicators have been investigated 
by Bartholomew and Delaney (1966). On addition of albumin 
bromothymol blue, tetraiodophenol blue and thymol blue 
solutions showed a decrease in absorption in the red region 
of the spectrum; whereas, bromochlorophenol blue, 
bromophenol blue and bromocresol green, all showed an 
increase in absorbance in the same spectral region. Of 
these, bromocresol green proved the most sensitive and did 
not seem to be subject to interference from salicylate 
or heparin. Northam and Widdowson (1967)
ii- vv- t one j.uwcx' pij. uiafcju. ior. une oromo-
cresol green method is advantageous because interfering 
substances, which are transported about the body bound 
to albumin at" the physiological pH? are more easily 
displaced.
Investigation of- the bromocresol green method for 
albumin estimation .
In the present work the main problem encountered was the 
extremely poor linearity. An abnormally high absorbance 
due to turbidity was invariably experienced with the 
lowest standard of the series, namely - a 1 % aqueous 
albumin solution (Fig 3*2). When Triton X-100 was added 
to the buffered bromocresol green, in order to improve 
the flow-through characteristics of the colorimeter cell, 
the reagent became less blue. The effect of Triton X-100 
was therefore studied in greater detail.
'Materials and Methods
Bromocresol green (stock solution) was prepared by 
dissolving 0.^32 g water soluble bromocresol green (BDH) .
in 1 litre of water. A dilution of 1.0 ml of this stock
to 50.0 ml with 0.01 M NaOH should give an absorbance of
•0.51“ 0 .0 5 against a water blank in a 1 cm cell at 6l5 nm.
Disodium hydrogen phosphate, citric acid buffer pH 3.8 
(Mcllvaine, 1921 described by Vogel, 1953) was prepared 
by mixing 522 ml 0 .05M disodium hydrogen orthophosphate ■ 
with *+78 ml 0 .05M citric acid.
Buffer-indicator solution pH 3.8 was prepared by mixing 
0.05M phosphate-citrate buffer *+50 ml with stock bromo­
cresol green solution 50 ml.
standards or oovme aiDumin m  water containing from
1.0 to 10.0 g of bovine plasma albumin in 1.0.g 
increments.
Triton X-100 a biodegradable, non-ionic, surfactant. 
(Obtainable from BDH Chemicals Ltd.,Poole, Dorset).
Two different reaction mixtures were studied. The first 
was used for the preliminary manual experiments and the 
second, using an initial 1 in 10 dilution of sample, was 
arranged to simulate the working conditions proposed 
for the multichannel machine (it was later decided to 
change the primary dilution of the MO-300 to 1 in 5)*
Reaction mixture (1) prepared by mixing 0.1 ml of water 
(blank)jalbumin solution (standard)5or plasma or serum 
(test)>with 18 ml buffered bromocresol green solution 
pH 3*8. (Final sample dilution = 1 in l8l).
Reaction mixture (2) prepared by mixing 0.1 ml water 
or 0.1 ml of a 1 in 10 dilution of either albumin standard 
or test sample with 3.0 ml of buffered bromocresol 
green solution pH 3*8. (Final sample dilution = 1 in 
310).
The effect of Triton X-100 on. the albumin standard curve 
was studied by mixing first 0.2 ml and then 0 .0 5? 0.10,
0.15- and 0.3 ml with 100 ml volumes of the buffered 
bromocresol green reagent.
The absorbance of albumin-containing reaction mixtures, 
was measured against a. reagent blank solution at 620 nm 
using a Unicam SP ikOO colorimeter. .
By means of the method described in Appendix 3? the 
commercial control sera "Patho-tro!" and "Iiabtrol.", 
diluted to give albumin concentrations of 3.6, *+*9 
and 7.2 g/100 ml, were assayed on a prototype version 
of the Vickers machine. - 
Results and Discussion
During the development of the Vickers machine, it was 
discovered that the addition of small amounts of Triton 
X-100 to one of the reagents, reduced carryover in the 
flow-cell of the colorimeter. This improved the precision 
of some of the methods. When, for this purpose, Triton 
X-100 was added to the bromocresol green working-reagent, 
it caused a colour change from green-blue to.-yellow..
This was most probably due to binding of the ionised 
indicator.
The absorption spectra for bromocresol green reagent, both 
with and without Triton X-100, are shown in Fig 3.1*
The bromocresol green reagent alone shows absorption 
maxima at M+O.and 6l5 nm. After the addition of Triton 
X-100 there was a shift of the *+*+0 nm peak to *+25 nm 
and a marked reduction in the absorbance at 6l5 nm.
The addition of plasma to the reagent containing 0.2 % 
Triton X-100 caused an increase in absorbance in the 
6l5 nm region (peak absorbance 625 nm). The effect 
of the surfactant on the estimation of plasma albumin 
at 620 nm (Fig 3.2) was twofold :
1. There was an increase in absorbance for any given 
concentration of albumin.
2. Precipitation was prevented at the 1 % level of 
albumin and distortion of the concentration curve was
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level of 3«0 g/100 ml..
Serum from the healthy adult contains 3*3 to h.7 g of 
albumin/100 ml (Tietz, 1970). In order to extend the 
linearity of the method to include the upper normal
Cl
value, it was decided to take advantage of. the increased 
sensitivity and use a smaller proportion of serum in 
the reaction mixture.
The use of reaction mixture (2) instead of (1), (seen 
under materials and methods) increased the sample 
dilution from 1 in l8l to 1 in 310. As. a result the 
linearity of the standard curve was extended to reach 
an albumin concentration of 5.0 g/100 ml (Fig 3.3)
The effect of varying the amount of Triton X-100 in the 
reagent is also shown in Fig 3*3> where it can be seen 
that the range of linearity increases with detergent 
concentration but that absorbance value, for any particular 
albumin solution, decreases.
The use of the detergent Brij 35? suggested"by Northam 
et al. (19^7) was compared with that of Triton X-100 
but, whilst it reduced the reagent blank value and removed 
turbidity, the range of linearity was not as great.
Table 3.1 shows the results of replicate albumin assays 
on dilutions of commercial control sera, using a prototype 
version of the Vickers Analyser in conjunction wath a 
Linson Junior Colorimeter (as previously described in 
Section 1 ). An Ilford 205 (narrow cut tricolor) gelatin 
filter was fitted into the colorimeter. The consistently 
high results of samples (1) and (8) are almost certainly 
* due to carryover in the colorimeter flow-cell which was 
not designed for use with automatic systems. The mean.
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standard deviation and coefficient of variation for the
replicate results of each sample, are also shown in
Table 3.1« An "over-all" coefficient of variation
of 2.;6l $ -was calculated from these results.
More recently,, with the introduction of the Mk 11
colorimeter (Appendix 2; Fig A.k-) and with the modification
of the vacuum control to the flow-cell (Appendix 2;
Fig A.5) foaming of reagents, as they enter the cell,
has been reduced. As a result of this an improved
coefficient of variation has been achieved (0.6 % within
batch and 1.3 % between batch). However, although the
reproducibility of the method was improved with the Mk 11
colorimeter, the plot of colorimeter output against
albumin concentration was no longer quite linear.
To estimate the magnitude of error introduced by this
non-linearity under operating conditions, the colorimeter
was calibrated with a single bovine plasma albumin
standard of k.O g/100 ml. Further standards of 1.0, 2.0,
5*0 and 6.0 g/100 ml were read against it and the results .
given' in Table 3*2. The standard deviation between actual
and observed values was found to be 0.08.
Table 3*2, Error in the proposed bromocresol green method
(Vickers Mk 11 colorimeter)
Albumin Vickers Mk 11
(g/100 ml) Calculated error %
albumin (g/100 ml) error 
(g/100 ml)
1 0.89 - 0.11 - 11
2 2.0 0 0
k k-.O 0 0
5  *+.96 -  0 . 0 k -  -  0 . 8
6 5.79 - 0.21 - 3.5
Conclusion
The addition of Triton X-100 to bromocresol green reagent 
reduces the "blank" absorbance at 6l5 nm and improves the 
sensitivity of albumin assay with this reagent. Using 
a Vickers machine fitted with the Mk 11 colorimeter, a 
non-linear standard plot was obtained. This had not been 
observed with earlier experiments and was thought to be 
a function of the colorimeter and not. of the chemistry.. 
The.analytical error introduced by this non-linearity 
when calculating plasma albumin values on the basis of 
a two point colorimeter setting (blank and k-.O g/100 ml 
albumin standard) was estimated (Table 3.2). It was 
considered the errors were within acceptable limits.
It is hoped that with the introduction of the Mk IV 
colorimeter linearity will again be achieved.
Numerous methods have been described for the estimation 
of alkaline phosphatase activity in serum. All depend 
on the hydrolysis of an organic phosphate and subsequent 
estimation of either inorganic phosphorus (Bodansky, 1933? 
and King, Abul-Fadl and Walker, 1951) or more commonly ' 
the organic moiety produced as a result of this dephos- 
phorylatlon. In the United Kingdom and Europe, the most 
commonly used methods are based on the original procedure 
of King and Armstrong (193k-) which uses disodium phenyl 
phosphate substrate. Liberated phenol has been estimated 
using Folin-Giocalteu’s reagent. To remove the need for 
protein precipitation and thus simplify the procedure,
Kind and King (195k-) recommended the use of k— amino- 
antipyrine (k-aminophenazone) for phenol estimation.
The use of p-nitrophenyl phosphate (Bessey, Lowry and 
Brobk, 19k-6) provided an even simpler procedure, liberated 
p-nitrophenol being determined colorimetrically after 
additon of alkali. The method \-ias adapted by Morgenstern, 
Kessler, Auerbach, Flor and Klein (1965) for automatic 
alkaline phosphatase measurement on the "Robot Chemist", 
a discrete analyser.
Wilkinson and Vodden (1966) and Babson, Sharon, Greely, 
Coleman and Phillips (1966) criticised this last method for 
its lack of linearity, . the likelihood of bilirubin and 
haemoglobin interference and the limited stability, even 
at refrigerator temperature, of solutions of p-nitrophenyl 
phosphate. Boilers and McComb (1966) overcame some of 
these objections with their continuous spectrophotometric 
measurement of p-nitrophenol colour development at kok- nm 
during the incubation.
The introduction of phenolphthalein .diphosphate as a 
substrate for alkaline phosphatase assay (Klein, Read 
and Babson, i960) was not successful due to its lack of 
.linearity (Wilkinson and Vodden, 1966). However, Babson, 
G'reeley, Coleman and Phillips (1966) claimed linearity 
with phenolphthalein monophosphate. This was confirmed 
by Wilkinson and Vodden (1966) and Klein and Kaufman 
(1966) who also described an automated procedure using 
the Auto-Analyzer. A further Auto-Analyzer method, using 
this substrate- and not requiring dialysis is described by 
Hviid (1966). The serious problem of instability of this 
substrate was overcome by William R. Warner and Co Ltd 
who developed and patented a means of preserving the 
material in the form of a viscous liquid. The nature of 
the preservative, has not been disclosed.
The further alternative of thymolphthalein monophosphate 
as substrate for alkaline phosphatase, estimation was: 
described by Coleman (1966) and later by Roy (1970) and 
Dalai, Akhtar, Shin and Winston (1971).
Although the p-nitrophenyl phosphate, phenolphthalein 
monophosphate and thymolphthalein monophosphate substrates 
have permitted the development of very simple methods of 
assay, it is pointed out by Moss, Baron, Walker and 
Wilkinson (1971) that the existence of tissue-specific 
iso-enzyme forms of alkaline phosphatase limits the 
validity of comparisons of methods in which different 
substrates are used.
These workers recommend as. reference method the use of 
disodium phenyl phosphate in Q.L M sodium carbonate/ 
bicarbonate buffer (pH 10.Ik at 20°C) without addition of 
magnesium ions. For this reason the k-aminophenazone method -
prototype in preference to the phenolphthalein or 
thymolphthalein monophosphate methods.
Materials and Methods
The reference method described by Moss et aJL. (1971) 
requires the incubation of 0.2 ml serum with 2.0 ml of 
disodium phenyl phosphate.substrate (2.5k g of the dihydrate 
dissolved in 1 litre of distilled water) and 2.0 ml of 
buffer pH 10.lk containing 6 .3 6 g anhydrous sodium carbonate 
amd 3.36 g sodium hydrogen carbonate per litre of distilled 
water.
With the Vickers machine 0.2 ml of a 1 in 5 dilution of 
serum is sampled, (i.e 0.0k ml is serum and 0.l6 ml water).
To preserve the same relative volumes as recommended above, 
a volume of 0.0k ml serum would require O.k ml buffer 
solution and O.k ml substrate (0.8 m of buffered substrate). 
Water present in the diluted serum sample causes dilution 
of the substrate. To compensate for this the buffered 
substrate for use on the machine is stronger by a factor 
of 1 .2 5 than that described in the reference method.
The method used with the Vickers Machine is described 
in Appendix 3•
Results and Discussion
The method described showed linearity of the plot of alkaline 
phosphatase activity against millivolt output of the 
colorimeter up to 60 King-Armstrong units. No measurable 
carryover was detected.
The standard deviation from the mean millivolt output of the 
colorimeter is shown in Table 3*3*
Table 3-* 3
Alkaline N of Mean 'Standard Coefficient
phosphatase samples colorimeter deviation . of
activity millivolts variation
King- out-put
Armstrong
units/100 ml . .
5.5 - 15 165 b.i 2.5 %
11.0 30 308 3.9 1.3 $
29.5 . 15 785 . 5.6 0 .7 %
8.0 30 230' >.9 2.1 $
10.0 20 298 6.h 2.15 %
Comparison with the Auto-Analyzer alkaline phosphatase 
results gave a coefficient of correlation of O .98 with 
a positive intercept of 1 unit of activity on the Auto- 
Analyzer axis. This high intercept probably arises from 
the fact that the Auto-Analyzer method, used for comparison, 
employs no blank to compensate for interfering substances.
Both the phenophthalein and the thymolphthalein monophosphate 
methods gave satisfactory results when used on the Vickers 
machine. The advantage of a single reagent and absence 
of the need for serum blanks was, however, out-weighed by 
the cost and uncertainty of the behaviour of these 
substrates with the different iso-enzymes of alkaline 
phosphatase.
Conclusion
The method of Kind and King adapted for the Vickers machine 
proved highly satisfactory.
The ultraviolet measurement of aspartate transaminase by 
the method of Karmen (1955) is widely used as a reference
technique. In this method a substrate mixture of L-
aspartate and ol -oxoglutarate yield oxaloacetate.and 
L-glutamate. The oxaloacetate is reduced to malate by 
malate dehydrogenase in the presence of NADH, both of
these being included in the reagent mixture. The rate of
decrease in absorbance of NADH at 3k0 nm provides a measure 
of transaminase activity.’
Colorimetric measurement of aspartate transaminase activity 
was described by Cabaud, Leeper and Wroblewski, (1956); 
Reitman and Frankel; (1957); King. (1958) and Arri.nino.
(1966) all using 2 , k-dinitrophen'ylhydrazine reagent to 
measure the oxaloacetate produced. Comparison of the 
colorimetric and ultraviolet methods, however, showed the 
former to be imprecise and unreliable, particularly at 
"borderline normal" levels of enzyme activity (Amador and 
Wacker, 1962;' .Amador, Franey and .Massod i9 6 0; Amador,
Massod and Franey, 1967; Nakamura, Magsaysay and Kunitake, 
1965; Witter and Grubbs, 1966; Lippi and Guidi, 1970).
As an alternative to hydra zone formation, Babson, Shapiro,. 
Williams and. Phillips (1962) described the use of a 
stabilised diazonium salt, 6-benzamido-k-methoxy-m-toluidine 
diazonium chloride (Fast Violet E) for the measurement of 
oxaloacetate. In a later paper, Babson and Shapiro (1963) 
suggested the use of potassium instead of sodium phosphates 
to prevent the crystallization of salts in the substrate 
and control buffers during storage in the refrigerator.
j.-W.Awxjlu aiiu wuccxict \xyuyj suggesnea m e  further modification 
of adding sodium metabisulphite to prevent (by reduction 
of the excess of diazonium salt) continued colour increase 
with time. Doumas and Biggs (1969) used, formaldehyde as 
an inhibitor to stop the reaction at the end of a specified 
time. These last considerations are of importance when 
manual analyses are being carried out and an exact time 
sequence is difficult to maintain, but do not have the same 
significance in automatic assays which are mechanically 
timed. v
Estimation of aspartate transaminase using the diazonium 
salt, N _ butyl-k-methoxymetanilamide (Fast Ponceau L or 
Fast Red PDC) was described by Morgenstern, Ocklander,
Auerbach, Kaufman and Klein (1966). Sax and Moore (1967) 
drew attention to errors in this method and that of Babson 
et al. (1962) but after making modifications, claimed to have 
improved the Fast Ponceau L method in a procedure designed 
for the "Robot Chemist" (a now obsolete discrete analyser).
In the light of the various criticisms of the Fast Violet B 
method, Babson. Arndt and Sharkey (1969) published a revised, 
procedure incorporating the best of the proposed modifications. 
Colorimetric methods of assay of aspartate transaminase have 
also been.described'by Whitaker (1969) an  ^Lippi and Guidi
(1970).
Whitaker used malate dehydrogenase and the coenzyme NADH to 
convert oxaloacetate into malate, at the same time oxidising 
the NADH. The’ change in NADH concentration was measured 
using tetrazolium blue indicator or ferric dipyridyl reagent.
glutamate with glutamate dehydrogenase and FAD i n t o
c l  -oxoglutarate and NADH. Tetrazolium blue was used to 
measure the change in NADH concentration. The expense 
of the enzymes and coenzymes in these two methods reduces 
their desirability for use with high speed automatic machines. 
Methods employing 2, k-dinitrophenylhyd'razine, as mentioned 
earlier, have been widely criticised and therefore do not 
merit immediate consideration for adaption for machine use.
The methods which appear to be most promising are those 
employing stabilized diazonium salts. Investigation of the 
use of three of these compounds is described below.
Materials and Methods
The diazonium salts, Fast Violet B, Fast Red B and Fast 
Ponceau L, were used in the assay of aspartate transaminase 
by the manual methods of Furuno et aJL . (1965) and Morgenstern 
et al. (1966). Samples of all three salts were obtained 
from George T. Gurr Ltd. Fast Ponceau L was also obtained 
from BDH.
A control serum (Enzatrol-Dade-UK Agents, A.R.Horwell Ltd*) 
was prepared and diluted with deionised water to provide 
a range of concentrations at full 0.755 0.5 and 0 .2 5 strengths
Substrate (1) (Furuno and Sheena, 1965),
An aqueous solution was prepared containing ; lk6 mg ot-oxoglu- 
taric acid, 532 mg L-aspartic acid, 6 .7 g ^HPO^, ^
KH^PO^, 2.0 g polyvinylpyrrolidine and 0,2 g EDTA (tetradosium 
salt). The pH was adjusted to 7*k and the volume made up 
to 200 ml with distilled water.
A control substrate was prepared as above but excluding the . 
L-aspartic acid.
The diazonium salt solutions were prepared by dissolving
50.0 mg of either Fast Violet B or Fast Red B, together with
. 2 5 *0 mg EO TA ( t e brasodium salt) and 50.0'mg polyvinyl- 
pyrrolidine in 10,0 ml of '-demineralised water.
A. colour stabiliser was prepared by dissolving 500 mg sodium 
metabisulphite in 1 litre of demineralised water.
Procedure .
Serum (0.2 ml) was added to 1.0 ml of substrate (1) and the
mixture incubated-at 37°C. f,BlankM reactions were performed
at the same time using'“control' substrate” instead of
substrate. After exactly 20 min, 1.0 ml of Fast Violet
B solution was added to each of the mixtures and incubation
allowed to continue for a further 10 min. At the end of
this time 5*0 ml of colour stabiliser was added to each, 
u «
Enzatrol control serum put through the same test procedure 
was used to standardise the method. Water treated similarly 
provided a “reagent blank”.
Absorbances were measured in a colorirneterrat 539 nm against 
■ the “reagent blank”.
A similar procedure was followed using Fast Red B solution 
instead of Fast Violet 3.
Substrate (2) (Morgenstern et al. 1966)
To 800 ml demineralised water, was slowly added 33• 5 g 
K^brC^and A O  g Kr^PO^. When the phosphates were dissolved, 
7*05 g L-aspartic acid, 1.0 g cc-oxoglutaric acid, 1.0 g 3DTA 
(tetrasodium salt) and 1.0 g polyvinylpyrrolidine were added 
and also dissolved. The pR was adjusted to and the 
solution diluted to "1 litre with demineralised water.
A "control substrate” was prepared as in substrate (2) 
above but excluding the L-aspartic acid.
auks 'uici^wuuui scihj so±uuj.on was prepared oy ciissolving 0 ( jp g 
Fast Ponceau L in 100 ml of citrate buffer pH 3.0..(93-0 ml 
0.2 M citric acid solution and 0,2 M sodium citrate . soluxion)* 
In the instances where the diazonium salt did not dissolve 
completely the solution was filtered before use into a brown 
bottle and kept at room temperature.
After preparation the solution of diazonium salt was tested 
for stability by carrying through a series of reactions at 
various times ranging from zero to 2k hr.
Procedure '
Serum (0.15 ml) was added to 1.3 nil of substrate (2) and the 
mixture incubated at 37°C. “Blank'7 reactions were performed 
at the same time using “control substrate” instead of 
substrate. After exactly 20 min, 0.6 ml Fast Ponceau L 
reagent was added and incubation allowed to continue for a 
further 15 min for colour development to take place.
Enzatrol control serum was used to standardize the above 
procedure and water similarly treated provided.the “reagent 
blank” . Before measuring their absorbances (at 3+71 nm 
against a reagent blank) the solutions were diluted with
1.5 ml of distilled water.
Results and Discussion
The pilot experiments using Fast Violet.B and Fast Red B 
salt solutions, the blank absorbances exceeded those of 
the tests. In the case of Fast Violet B this was found to 
be due to a difference in pH between the buffered substrate 
(pH 7«*+) and the control buffer (pH 7.9)* On repeating the 
tests, after adjusting the pH of both solutions to 7»k, the 
serum "blank” absorbance, though still high, was less than 
that of the test (Table 3**+)*. In spite of the same careful
solution, remained greater than that of the test (Table 3*5t). 
It thus appears that if quantitative coupling takes place 
between oxaloacetate and Fast Red 3, further investigation 
would be necessary to determine the conditions.
Table 3.^ Absorbance values of ’’blank" and "test" in the
measurement of aspartate transaminase using Fast 
Violet B and Fast Red B' reagents 
- Absorbance 
Fast Violet B: Fast Red B‘
Test Blank Test Blank
0.22 0.19 0.33 0 .7 2
0 .2 5 0.20 0.3>+ 0 .8 0
0 .23 0 .1 8 O.hl 0 .6 9
0.55 0.20 0.37 0.68
Due to the unsatisfactory results of these pilot studies 
it was decided next to investigate the use of Fast Ponceau 
ij salt.
Batches of Fast Ponceau L obtained from BDH and George T. 
Gurr Ltd were found to range in colour from off-white to 
light brown. The solubility of the salts and the stability 
of their solutions diminished as the colour increased.
Klein (1967) observed that batches of dye from different 
manufacturers and even different batches from the same 
manufacturer, did not behave identically when used in this 
reaction. This situation possibly arises as a result of 
early difficulties•in process control during manufacture.
The samples used in the present study were tested for 
stability and activity. It was found that the darker 
samples of diazonium. salt were less soluble, less stable
and less active than those of paler blue.
A: reagent prepared from the darkest of the diazonium salts 
gave the same absorbance (0 .60) when coupled with oxaloacetic
acid, either immediately or bO min after its preparation. On
testing the reagent again with the same oxaloacetate solution 
after 150 min at room temperature, the absorbance was l b  % 
lower (0.52).
Off-white Fast Ponceau L samples showed greater stability 
particularly when stored at 0°C in an ice bath. For these
• y  . - ..
reasons it is recommended that the diazonium reagent be 
prepared from the lightest coloured salts immediately prior 
to use and maintained thereafter at as low a temperature as 
possible. Frequent recalibration of the method is recommended 
to minimize errors arising from reagent deterioration during 
a run.
The relationship between absorbance and time is illustrated 
in Fig 3.}+, • where colour intensity is shown 10, 9+5 and 
90 min after addition of the diazonium salt reagent.
The graph shows that the absorbance after 10 min reaction 
time is only slightly lower than after 90 min and that a 
significant blank absorbance occurs with the control.serum 
(which was icteric). During the preliminary experiments 
with Fast Ponceau L a sample of non-^icteric serum was found 
to develop a particularly high blank absorbance. It was 
subsequently discovered that.the serum was from an uncontrolled 
diabetic patient with a high level of circulating ketones.
The high absorbance of the blank reaction was due to the 
coupling of Fast Ponceau L with acetoacetate. The same
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•phenomenon’ was reported by Wolf , Lanston, Polo 1 sky -and Williams
(1971). i . '
Due to frequent mechanical failures- and the extreme variability 
of the early batches of Fast Ponceau L, the method was not 
fully' tested. However, with only slight modifications of 
the method proposed in Appendix 3, H. Bevdll (1971) using 
a production model has reported satisfactory results.
Conclusion
The us'e of the diazonium salt, Fast Ponceau L, as a coupling 
agent for oxaloacetate in the estimation of aspartate 
transaminase is likely to provide a suitable method for use 
with, the Vickers machine. Serum blanks are necessary to 
correct for the effect of interfering substances, smch as 
acetoacetate.
■dicaroonate
The plasma bicarbonate level of a patient is most 
conveniently measured as the "CO^-combining power”.
This was defined by Van Slyke and Cullen (1917) as the 
volume of carbon dioxide (at s.t.p) which is liberated 
from 100 ml plasma after its equilibration at 20°C in an 
atmosphere of carbon dioxide exerting a partial pressure 
of ko mm mercury. Although some of the gas arises from 
dissolved carbon dioxide in 'the plasma, the majority is 
liberated from the plasma bicarbonate. Approximation 
to plasma bicarbonate concentration (mEq/l) may therefore 
be derived by dividing ml of CO^/IOO ml by 2.2^.
Measurement of the acid-liberated gas, volumetrically 
(Van Slyke, 1917) or manometrically (Van Slyke and Neill, 
192^) requires manual treatment of each sample. Large 
batches of tests are more easily handled by the Technicon 
Auto-Analyzer method, which again depends on acid- 
liberation of carbon i dioxide from a plasma sample. In 
this case the quantity of liberated gas is measured 
eolorimetrically by the extent to which it decolorises a 
lightly buffered alkaline phenolphthalein solution. None 
of these methods are suitable for use with the Vickers 
machine since no provision has been made in the design 
for handling released gases. A further approach to the 
study of acid-base balance was suggested by Cullen (1922) 
who described the colorimetric measurement of "plasma 
hydrogen ion concentration". For this a volume of plasma 
was added to a dilute solution of phenol red indicator 
and the resulting colour compared with a series of 
calibrated buffer solutions containing the same concentration
kj±  JLU.Uiuaour • -«■ u i . L ie r y i iu  u u i o r i m e i r x c  a p p ro a o n ,  axso
making use o f  pH indicators, .was made by W o o t to n  and 
King (19^9J ■chlorophenol red) and Lehman (1952; methyl 
red) to measure the plasma “CO -combining power”. These 
• methods depend on the treatment of plasma with acid 
solutions of various strengths. The ”C0 -combining 
power" i.s related to the acid solution which, volume-for- 
volume, adjusts the serum pH to 5«5* The indicators
are used to determine the end point.
The use of indicators seemed a promising approach for 
developing a colorimetric method for use with the Vickers 
machine. Since chlorophenol red and methyl red are both 
sulphonphthalein indicators, protein-binding (Section 
3.2) will influence their colour. For this reason, 
^-nitrophenol, an indicator not of the sulphonphthalein 
type, was used for comparison in the present work.
Materials and Methods
CC^-free deionised water was used throughout.
Aqueous sodium bicarbonate solutions were prepared 
containing from 10.0 to 100 mEq/1 of sodium bicarbonate 
(in increments of 10.0 mEq/1).
Aqueous sodium carbonate.
Solutions were prepared containing from 10.0 to *+0.0 
mM/1 sodium carbonate in increments of 10.0 mM/1.
Acetate buffer (pH k.6) was prepared by making ' kbO ml M 
acetic acid and 20.0 ml M sodium hydroxide up to 1 litre 
with water. Aqueous dilutions of 1 in 10, 1 in 50?
1 in 100 and 1 in 200 of this solution were- made.
vuiorupnenox re a reagent (.working range pH 5.0 to 6.6 
yellow to red)
A buffered indicator solution was prepared by dissolving ' 
O.Ok g chlorophenol red in 100 ml of each of the dilutions 
of acetate buffer. To find the optimum buffer strength 
0.5 ml of the *+0 mEq/1 bicarbonate standard-.was added to 
*t.0 ml of each of the buffered indicator solutions.
A volume of 0.5 ml of each of the bicarbonate solutions 
(up to a concentration of h-0 mEq/1) was added to the 
selected buffered indicator and the mixtures were scanned 
from. *+00 absorbance to 700 nm.
Methyl red reagent (working range pH k.2 to 6.3 red to 
yellow)
Buffered methyl red reagent A (pH h.6) was prepared by 
dissolving 8.0 mg water soluble methyl red in 100 ml of a 
1 in 200 dilution of acetate buffer. Buffered methyl 
red reagents B (pH h.O, b.5 and 5*6) wrere prepared by 
dissolving 9*0 g sodium chloride, 100 g urea and 5*0 mg 
water-soluble methyl red in C02~free water. To each of .
these - solutions 10.0 ml M acetic acid was added, each pH ;was 
appropriately adjusted using M sodium hydroxide and the 
volumes adjusted to 1 litre with CO^-free water.
A series of bicarbonate solutions (0 to ^OmEq/l) were 
diluted (0.15 ml to *+.0 ml) with buffered methyl red A.
(pH b.6). The effect on the absorbance curve of methyl 
red was measured. A bicarbonate standard curve (10 to 
100 mEq/1) was prepared (absorbance measurements were made 
at 550 nm).
Serum samples with known bicarbonate concentrations 
(estimated by the manometric -method of Van Slyke and Neill 
(192*+) and by Auto-Analyzer) were also diluted (0.15 ml 
to b ,0 ml) with buffered methyl red. reagent and the 
. absorbances at 550 nm, compared with those of the aqueous 
standards.
Serum samples previously assayed for bicarbonate as above 
were diluted 1 in 10 with CC>2~free xvater and then diluted 
(0.5 ml to 3*0 ml) with methyl red reagent B (pH 5*0).
The absorbances measured' at 550 nm were compared with those 
of similarly treated bicarbonate standards. The effect 
of pH on the method was investigated by repeating this 
procedure with methyl red reagentsAB, pH b-.O and *f.5«
h-nitrophenol reagent (working range pH 5*6 to 7*6 colour­
less to yellow)
To determine the optimum composition of the k-nitrophenol 
reagent a series of solutions were prepared as shown in 
Table 3.5
Table 3-5 Composition of l+- 
. reagent
•nit.ro phenol reagent a:nd "K
Reagent ^-nitro phenol 
(mg)
K2HP0lf 
' (g) '
*M HC1 
(g)
Urea
(g)
Solution 1 10 '■ -V-
Solution 2 6 1 .2 6.5
Solution 3 6 1 .2 6.5 100
Solution 9 1 .8 10 .0 150
Solution 5 V 5 ; 0.9 5.0 75
Solution & 9.5 0.9 5.0 75
Solution 7 9.5 0.9 5.0 150
Solution 8 15.0 0.9 5.0 150
N.B. The reagents were dissolved in about 600 ml water and
(with the exception of solution l) the pH of all solutions 
was adjusted to 5.6 with M HC1 (the addition was controlled 
using a pH meter). vThe final volume was then adjusted 
to 1,000 ml with water.
Volumes of M HG1 given in the table are approximate. 
Appropriate nblankn reagents 1 to 8 were prepared as 
for the solutions described above but- omitting *-{— nitrophenol.
The reagent solutions 'shown'in Table 3*5 were mixed with 
aqueous sodium carbonate solutions, serum or plasma,'to 
give appropriate reaction-mixtures.
Reaction-mixtures, with 'the suffix 1, 2 and 3? were prepared 
by mxing 0.5 ml of aqueous sodium carbonate standard or 
serum or plasma, with 3-.0 ml of reagent solutions 1^ 2 or 
3 -
The effect of the sodium carbonate standards on the 
absorption spectrum of buffered ^-nitrophenol (rea.ction- 
mixture-2) was measured in a Unicam SP 800 spectrophotometer 
in 1 cm glass cuvettes, against a blank solution consisting 
of 0.5 ml of one of the standards and blank solution 2 
(Table 3.5).
To study the effect of high concentrations of urea on 
turbidity, solutions 2, 3 and were examined visually 
after adding 0.5 ml of heparinised plasma to 3.0 ml of 
each.
Reaction mixtures with the suffix U, 5? 6? 7 and 8, were 
prepared by mixing 0.2 ml of aqueous sodium carbonate 
solution, water, serum or plasma, with 1.3 ml of water and: 
0.2 ml of solutions A, 5? 8, 7 and 8 (Table 3*5). ’’Blanks" 
were provided by replacing the h-nitrophenol solutions with
2.0 ml of the appropriate blank solution.
The most suitable reaction mixture was determined from a 
comparison of the sodium carbonate concentration curves: 
measured at *+00 nm in 1.0 cm glass cuvettes in a Unicam 
SP 1800 spectrophotometer.
A method was developed for use with the Vickers machine 
(Appendix 3) using reaction mixture 8. This was
standardised against the Auto-Analyzer (N-Sa method) 
as will be later described under results and discussion.
Albumin solution
A- solution containing 5*0 g/100 ml bovine albumin was 
prepared by dissolving 0.5 g of dry bovine serum albumin 
powder ffechnicon Ltd) in 10.0 ml blank reagent-h. This 
solution was used to study the effect of protein on 
^f-nitrophenol solution.
Results and Discussion
It must be emphasized that the methods discussed-below are 
not presumed to give a direct measure of plasma "bicarbonate" 
concentration. The use of a solution of a pH indicator 
'was suggested by Cullen (1922) as a colorimetric alternative 
to the "electrometric" measurement of plasma.pH. The pH 
of plasma is influenced by the presence of "buffer bases" 
such as secondary phosphate (HPO^ ) and protein (protn~ ) 
as well as bicarbonate (HCO^ ) (Robinson, 1962). However, 
Davenport (1958) described experiments in which a blood 
sample was divided into four volumes and each was equilibrate 
at 38°c with a gas mixture containing a different percentage 
of Carbon dioxide from the others. After the anaerobic 
separation of the plasma from the blood its pH and bicarbonate 
content were measured. The plot cf bicarbonate 
concentration against pH was linear. Assuming that the 
majority of samples tested have a fairly constant plasma 
level of non-bicarbonate buffer bases (i.e. "normal" 
concentrations of plasma proteins and inorganic phosphate) 
it follows that their influence on plasma pH will also 
be fairly constant. The difference in pH between samples, 
therefore, will depend almost entirely on the ratio 
of carbonic acid to bicarbonate. This being the case, it 
should be possible wTith appropriate calibration, to arrive 
at a close approximation to plasma bicarbonate levels 
from the colorimetric measurements of pH. Hawk et. al.
. (19J+7b) describe the determination of hydrogen-ion 
concentration without the use of buffer solutions to 
adjust the colour of the indicator. These authors
recommend the use 01 indicators changing from colourless 
to a single coloured form. Within the effective range of 
the indicator the depth of colour varies with the pH and 
depends on the amount of d '.dissociated • indicator present.
The natural pH of serum is some distance removed from the 
effective range of the most useful indicators, therefore, 
to use this method for the measurement of plasma pH it was 
necessary to : 1. select a suitable indicator with a
single coloured form; 2. select a buffer concentration low 
enough to be influenced by the hydrogen ion concentration of 
the plasma and to give a final pH within the working range 
of the indicator.
The first indicator to be tested was chlorophenol red.
The optimum dilution of the buffer for use with the indicator 
was found to be 1 in 100. In Fig 3*5 it can be seen that 
the addition of increasing concentrations of aqueous sodium 
bicarbonate solutions caused a shift in the absorbance 
maximum from 585 nm with the 10 mEq/1 standard to 568 nmi 
with the *+0 mEq/1 standard. The addition of serum to the 
buffered indicator resulted in the formation of a turbid 
solution, the colour intensity of which was visibly much 
greater than that of the *+0 mEq/1 sodium bicarbonate 
standard. Because of the shift in peak absorbance with 
bicarbonate concentration, chlorophenol red indicator was 
considered unsuitable and was therefore given no further 
consideration.
The effect of bicarbonate solutions on buffered methyl red 
reagent A' (pH *+.6) is shown in Fig 3*6 -where it can be seen 
that the absorbance changes inversely with bicarbonate 
concentration above *+57 nm and directly with it, below.
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The position of the absorbance maximum is constant ($20 nm) 
for the ’whole range of bicarbonate standards. The 
standard curve (Fig 3*7) shows a linear decrease in 
absorbance from 0 to 70 mEq/1 bicarbonate.
The effect of serum on the buffered indicator was measured 
using a series of .samples in which the bicarbonate had been 
previously determined by the rnanometric method of Van Slyke 
§i’siL* (192*+). The absorbance of each of the serum-methyl 
red solutions was compared wi.th the absorbance oT the 
bicarbonate standards treated with the same reagent (Fig 
3.7). These are shown with the corresponding value 
obtained by the Van Slyke rnanometric procedure in Table 3*6.
Table 3.-6 Comparison of plasma "bicarbonate" concentrations
measured by the methyl red and Van Slyke (rnanometric) 
methods
"Bicarbonate" concentration inEq/litre 
Methyl red method Van Slyke method
137 25.9
130 . 2 k .6
lkl ' 21.9
158 2'1.6
120 22.8
’ A 8  . 26 .0
12^ 2k .1
128 2!! .1
129 23.7
132 2 k .6
lkl 2 k .6
132 26A
156 26 .8
155 2 2 .5
1V8 28.1
Mean 138.6 2!t.7
Comparison of the two series of results in Table 3*6 shows 
that the mean value of "serum- bicarbonate” (methyl-red) 
is greater by a factor of $.6 than the mean serum 
‘bicarbonate (Van Slyke). The coefficient o f correlation 
between the two methods was 0 .2 9.
In Table 3«7Mserum bicarbonate" concentrations measured 
by the methyl red method (reagent B, using 1 in 10 dilutions 
of serum and standard solutions) are compared with' results 
from the corresponding sera assayed by the Van Slyke and 
Auto-Analyzer methods.
Table 3.7 ;Comparison of the .'results .of methyl red, Van Slyke
and Auto-Analyzer methods,for serum"bicarbonate" 
estimation
(methyl red method used 1 in 1G dilutions of serum 
or aqueous standard)
"Bicarbonate"concentration mEq/litre
Methyl red 
6*1.0 
■78.0 
56.0
73.0
86.0 
6*t.O
50.0
66.0
51.0
60.0
53.0
59.0 
*19.0
53.0
38.0 
56.0 
68.0
Van Slyke 
.23.0 ' 
21A  
26.8 
25 A 
2*1.6 
2*1.5 
22.0 
29.5 
23.0 
27.0 
2*1.0 
26.0 
22.0 
2*1.0
17.0
25.0 
30.0
lAuto-Analyzer
22.0
22.0
23.5
23.5 
22.0 
22.0
22.5 
28.5 
28.0 
28.0
22.5 
22.0 
20.0 
25.0 
1*1.0 
23.0
30.5
Mean 60.5 2*t A 23.5
in Table 3*7'it can be seen that the mean value of "serum 
bicarbonate" estimated by the. methyl red method is greater 
than by either the Van Slyke or Auto-Analyzer methods by 
factors of 2,*+8 and 2.J8 respectively. The coefficient 
•of correlation of the methyl red and ’Van Slyke methods, is 
0.^ 3■; the methyl red and Auto-Analyzer methods, is 0.31; 
and the Van Slyke and Auto-Analyzer methods, is 0.82.
Table 3.8 The effect of pH on the methyl red (B) method 
. of "serum bicarbonate'" assay
Sample (1 in 10 serum) mEq/litre "bicarbonate"
pH t^-.O pH b .5 pH 5 .0
& xb7 138 118
B l*rO 126 96
C 122 118 .9^
D ihO 130 10?
Table 3.8 shows that as the pH of the methyl red reagent 
increases so the serum"bicarbonate" value decreases.
The results, so far, show that there is a wide discrepancy 
between the :serum"bicarbonate" level estimated by the 
indicator methods and those involving the release of CO^.
This difference is, in part, due to the influence on the 
serum pH of "buffer bases" - such as protein and phosphate 
.as already mentioned,'. These modify the colour change 
of the indicator but have no influence on the volume of 
CO^ liberated. A further effect of proteins is to cause 
"error" in the colour/pH relationship of the sulphonphthalein 
indicators used. This phenomenon has already been discussed
in Section 3.2. The contribution of "protein error" to
the discrepancy of results was reduced by 1 in 10 aqueous 
dilution of the serum. Reduction in. the level of "serum 
bicarbonate" measured by the methyl red method, was also 
brought about by increasing the pH of the reagent (Table 
'3.8).
Consideration of these findings led to the decision to 
investigate the use of the indicator h-nitrophenol (Vogel, 
1953 b) which is not of the sulphonphthalein type and 
which changes colour over a higher pH range than methyl 
red. -
In the remaining experiments, due to their greater 
stability, sodium carbonate solutions were used to replace 
sodium bicarbonate solutions as standards. In terms of 
acid-base titration, 1.0 mM of sodium carbonate is 
equivalent to 2.0 mM (2.0 mEq) of sodium bicarbonate.
For this reason the concentrations 10.0, 20.0, 30.0 and b-0.0 
mM/1 sodium carbonate have been, in parts of this discussion, 
expressed as 20.0, b-0.0, 60.0 and 80.0 mEq/1 sodium 
bicarbonate. It \^ as later discovered however, that in 
terms-of influencing the absorbance of buffered nitrophenol 
reagent, this relationship does not hold. The slope of 
the carbonate standard curve was found to be steeper than 
•that of the bicarbonate standard curve for equivalent 
concentrations in acid-base terras. This is an academic 
point, since the method is calibrated using sera analysed 
by an accepted routine procedure, in this case, the Auto- 
Analyzer .
Addition of the carbonate standards to aqueous h-nitrophenol 
solution (solution 1) resulted in the development of yellow 
coloured solutions, which all had the same absorbance
Table 3*9 The effect of protein on the absorbance of 9~n.it ro- 
phenol solution
' Solution Absorbance
Reagent blank
Sample blank ’ 
Sample test
0.2 ml.water in reaction
mixture-9 0.025
0.2 ml albumin in blank mixture-1* 0 .025
0.2 ml albumin in reaction
mixture-1* 0 .050
In the results shown in Table 3*9 the absorbance of the
"sample test" is identical to the sum of absorbances of
the "reagent blank" and the "sample blank". This shows
that no "protein error" occurs with 9-nitrophenol.
The absorbances of reaction mixtures 9, 5? 6, 7 and 8
with sodium carbonate standards, read at *+00 nm against
a water blank, are shown in Table 3.10
Table 3*10 Comparison of carbonate standard curves with different
reaction mixtures.
Concentration Absorbance of reaction mixtures 
of carbonate
standard (mM/1) 9 5 6 7 8
0 (water blank) 0.03 0.02 0.035 0.09 0 .06
5 0 .0 8 0.065 0 .13 0 .1 3 0.195
10 0.12 0 .105 0.21 0.21 0.295
20 0.195 0.175 0.395 0.395 0.99
30 0 .2 6 0.235 0.955 0.962 0.68
90 " 0 .3 0 0.29 0.58 0.585 O .87
Note that solutions 6 and 7 which differ only in urea content 
give identical results.
Irrespective of the carbonate, concentration. The Inclusion
of phosphate buffer (pH 5.6) in the 9-nitrophenol reagent
(solution -2 ) resulted in absorbance differences (at 900 nm)
which were directly proportional to the concentration of the
added sodium carbonate standards (Fig 3.9). Wavelength
scans of all four standards and a water blank showed the
peak absorbance to be at 900 nm. The position of the peak
was not affected by the concentration of carbonate (Fig 3.3)
Turbidity was noticed when he.parinised plasma was added to
solution 2. Mucopolysaccharides when mixed with albumin
at acid pH, form a precipitate (Denny and Dutton, 1962)5
it is therefore probable that part of the turbidity results
from the mixture heparin and plasma albumin at the-acid
pH of the reaction. In an attempt to overcome this, 0.2 ml
Triton X-100 was added to 100.0 ml solution 2, but without
\
effect. Addition of 10 .0 g/100 ml of urea (solution 3) 
and 15*0 g/100 ml of urea (solution 9) prevented all but the 
faintest turbidity in all plasma samples, except those from 
patients, undergoing regular intermittent haemodialysis.
Any remaining opalescence was corrected by the use of sample 
blanks.
The effect of bovine serum albumin on the absorbance of 
9-nitrophenol reagent and reagent blank, is shown in 
Table 3.9.
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The results in Table 3*10 are.shown graphically in Fig 
3*10, from which it can be seen that absorbance of each 
series of standards is influenced by both buffer and 
indicator concentration but not by presence of urea. 
Reduction in both indicator and buffer strength by diluting 
reagent solution-^f with an equal volume of water has the 
effect of slightly lowering the absorbance curve.
Restoration of the h-nitrophenol strength to that of 
solution-h whilst maintaining half-strength buffer (solution 
6) shows an overall increase in absorbance which is not 
affected when the urea content is increased (solution 7)*
A reduction in buffering capacity clearly improves the 
sensitivity of the reaction. Each of the curves with 
reagent s o l u t i o n s -5, and~7, show curvature thought 
to be due to insufficiency of indicator "capacity”. This 
was confirmed when,by further addition of indicator, a 
linear curve of higher absorbance was achieved (solution 
8)*
The effect of urea on the sample blank reaction was studied 
by adding plasma to blank solutions h, 5 and 7. In each 
of the solutions containing 15*0 g/100 ml urea, the addition 
of plasma caused an initial blank absorbance of 0.13, 
which increased to a plateau level of 0.17 after 5 min. 
Solution 5, containing half-strength urea (7*5 g/100 ml), 
had an initial absorbance of 0.19 increasing to 0 .2 3*
In a small series of eight samples, the effect of reducing 
the urea content of the reagent to 7*5 g/100 ml from 
15*0 g/100 ml was to increase the absorbance by an average 
of 39
Of the reaction mixtures tested number 8 (consisting of 
0.2 ml of sample mixed with 1.3 ml of C02~free. water and
2.0 ml of solution^; Table 3*5) showed the greatest 
sensitivity and range of linearity with the carbonate 
standards (Fig 3*10). This reaction mixture was therefore 
chosen for the further investigations of the h-nitrophenol 
method for estimation of "bicarbonate” in serum and plasma.
A number of serum and plasma samples, previously assayed 
for bicarbonate using the Auto-Analyzer, were treated 
with solution-8 as described above. The "bicarbonate” 
concentrations were measured by comparing the absorbance 
of these reaction mixtures at *f00 nm with those of the 
carbonate standards. In this instance, the carbonate 
standards were equated to bicarbonate standards, as 
described earlier (i.e. 1.0 mM carbonate §_ 2.0 mEq 
bicarbonate). The results expressed as "bicarbonate" 
were compared with those from the Technicon Auto-Analyzer 
and found to be related by the equation y =0.67^ x + 3.99 
(y = Auto-Analyzer result and ,x = the result of the 
^f-nitrophenol method; both expressed as mEq/litre concentra­
tions of bicarbonate). The results of the ^-nitrophenol 
method were then corrected to the reference method (Auto- 
Analyzer) results by substituting for: x in' the ’ above 
formula.
The "corrected" /+-nitrophenol results are plotted against 
the Auto-Analyzer results in Fig 3.11* The coefficient 
of linear correlation of the two methods was 0.71 and the 
standard deviation of the 38 paired Auto-Analyzer "corrected"
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A further series of samples was analysed using the Vickers 
D-300 analyser by the method given under "bicarbonate" 
(Appendix 3). The method was again standardised by 
means of serum and plasma samples of known "bicarbonate" 
concentration (previously analysed by Auto-Analyzer).
The uncorrected results, expressed as mM carbonate, were 
calculated from the standard curve shown in Fig 3*12a. 
Theses-and "the Auto-Analyzer results were related by the 
equation y = 1.83x - 10.6 (y = Auto-Analyzer "bicarbonate", 
mEq/litre; x = k-nitrophenol "carbonate", mM/litre).
The equation was used to calculate the "corrected" standard 
values (Fig 3*12a)and the serum and plasma "bicarbonate" 
values. The mV colorimeter output, "carbonate" concentra­
tion (mM/l), "corrected:bicarbonate" (mEq/l) and the Auto­
analyzer "bicarbonate" values, are all shown in Table 3-11*
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Table 3*11 Comparison of Auto-Analyzer and Vickers D-300.
"bicarbonaten results
. Sample Vickers D-300? *-f-nitro phenol method Auto-Analyzer
mEq/1
mV colorimeter mM carbonate mEa/1 -bicarbonate
reading "bicarbonate"
" (corrected)
Water 25 0 0 0
10 mM/l 
carbonate 317 ' 10 7.7 10
20 mM/l 
carbonate 593 ' 20 26 20
50 mM/l. 
carbonate 8Vl 30 ¥+ .3 30
*+0 mM/l 
carbonate 1071* !r0 62.6 !+0
1 56 7 1 9 .0 2*+. 2 3 0 .0
2 *+70 1 5 .8 18.3 21 .0
3 >+88 16 .2 19 .0 2!+.0
• V 601 20 .2 26A 27.5
5 6 lk 20 ,8 27.5 26.5
6 b l$ 13.7 l^ f.5 1 2 .0
7 509 17 .0 20 .5 17.5
8 567 19.0 2b. 2 27.5
9' i+83 1 6 .2 19.0 1 8 .5
10 636 21.8 29.3 - 29.5
11 591 20.0 26.0 2*+.0
12 £+99 16 .8 20.1 20.0
13 519 17.5 21A 21.5
l b 519 17.5 21A 19.0
15 536 18.0 22.3 ■21.5
16 60*+ 20.2 2 6A 25 .0
17- 533 l8.0 22.3 20.0
18 522 17.5 21A 23.5
19 527 17.3 22.0 21.0
20 531 1 8 .0 22.3 19.5
21 56b 19.0 2 b .2 26 .0
22 556 18 .8 23.8 26 .0
23 5 A 19.8
20:12
25 .6 2*+.0
2b 60^ 26A 25 .0
The coefficient of correlation of the if-~n.itrophe.no 1 
(Vickers D-300 method) and Auto-analyzer "bicarbonate" 
results was 0.8l (Auto-Analyzer/Van Slyke coefficient 
.of correlation shown in Table 3*7 = 0.82)
A further series of serum and plasma samples were assayed 
on the following, day using the Vickers D-300 and the 
same *+-nitrophenol reagent solution 8. The results 
(Table 3*12) were calculated using the "corrected" standard 
curve (Fig 3 •12a)and without calculating a fresh regression 
equation. The coefficient of linear correlation between 
the two series of results shown in Table 3*12, was 0.86. \ 
To test the reproducibility of the method, pairs of cups 
containing aliquots of the same pooled serum, were placed 
between pairs of cups containing the samples previously 
assayed by the Auto-Analyzer. The mean (mV) colorimeter 
output for 25 replicates was 598 and the standard 
deviation was *+.3 (coefficient of variation 0.71 
Haemolysed and lightly jaundiced samples gave closely 
similar bicarbonate results by both the Auto-Analyzer 
and the Vickers D-300 methods. Severely jaundiced 
samples gave widely'variable results.
Conclusion
The correct measurement of "carbon dioxide combining 
power" demands that either the blood is collected and 
the plasma separated under anaerobic conditions or the 
plasma sample is equilibrated at 20°C in an atmosphere 
of air containing 5.5 % carbon dioxide (Van Slyke and 
Cullen, 1917).
Table 3-12 Comparison of Vickers D-300 (5-nitrophenol method)
and Auto-Analyzer "bicarbonate" results
y
Vickers D-300 "corrected" 
bicarbonate (mEq/litre)
22.1+
25.7 
21.0
15.5
13.7 
22.9
21.5 
21.0
16.9 
20.1
23.3 
27.0
23.3 
21.0
22.8 
23 .8
22.9 
23 .8  
17 .8
Auto-Analyzer "bicarbonate" 
(mEq/litre)
25.5 
25 .0  
28.0
17.5 
13.0
28.5 
25 .0  
22.5 
20.0 
21.0
25.5 
31.0 
2 5 .0  
21.0 
22.0
22.5
25.5
25 .0
16 .0
iiiven tnougn at tne start this situation may exist the 
batch handling of specimens,- for analysis by the Auto- 
Analyzer, makes it impossible to maintain conditions 
of anaerobiosis or gaseous equilibrium. Exposure to 
the atmosphere prior to sampling is'inevitable.
Davenport (1958) has shown that this modifies the plasma 
bicarbonate concentration. Went and Whi^iead (19&9) 
have shown that in separated serum samples there is a 
fall in carbon dioxide content which is more rapid than 
with either whole blood' or serum over cells.
.A satisfactory correlation has been shown between the 
"bicarbonate" results obtained with the 3f-nitrophenol 
method calibrated as described above, and the Auto-Analyzer 
method. Because the blood sample for the multichannel 
Vickers machine is collected into, a special container 
Hhich is sealed immediately after the introduction of the 
specimen; because the plasma is left in contact with the 
cells up to the time of sampling; and because the seal 
of the sample container is broken only just prior to 
sampling, the sample is likely, to be in a better condition 
for the measurement of "CC^-combining power" ("bicarbonate"). 
It may therefore be true to say that a higher yield of 
useful information will be gained from the use of the 7 
Vickers multichannel, f^-nit ro phenol method, in screening
acid-base status than was achieved by Went and Whitehead
(1969) using the Auto-Analyzer method.
Total Bilirubin
Bilirubin is present in the plasma both as an unconjugated
"free" form and as the diglucuronide. The former is
hydrophobic and is protein bound whilst the latter is /■ ■ ■ .
water soluble and exhibits only slight protein binding.
The combined concentration of these two. forms, the total 
bilirubin, has been estimated in serum or plasma, by direct 
spectrophotometric or colorimetric methods. Correction 
for turbidity or presence of'.haemoglobin is achieved by 
absorbance measurements a't more than one wavelength.
Most common methods of bilirubin estimation are based on 
the Van. den Bergh reaction in which the bilirubin reacts 
with diazotized sulphanilic acid to form a purple-coloured 
azo-bilirubin. In order to measure plasma total bilirubin 
using this reaction, it is first necessary to release the 
unconjugated bilirubin from Its attachment to protein.
This has been achieved by means of a variety of so-called 
"accelerating" reagents. The use of methanol to denature 
the protein and so release bilirubin has been described by 
Malloy.and Evelyn ,(1937) and Lathe and Ruthven?(1958). 
Alternatively the bilirubin has been displaced from the 
protein by means of sodium benzoate, urea (Powell, 19*+*+) 
urea, sodium acetate, glycine (Ichida and Nobuoka, 1968), 
diphylline sodium acetate (Michaelsson, Nosslin and Sjolin, 
1968), and • caffeine, soc3ium benzoate, sodium acetate 
(Witmans, Schalm and Schulte, 1961), diphylline, sodium 
acetate, EDTA (Billing, Haslam and Wald, 1971)- 
The purple colour resulting from the diazo reaction may 
either be read directly at JbO nm (Malloy and Evelyn, 1937;
.ucibiie aim nuuiivexi, ±yyo] rov/eii, i.^4-4-; or converted, to 
a blue colour, by means of an alkaline reagent and the 
absorbance measured at 600 nm (Michaelsson, Nosslin and 
SjBlin, 1965; Ichida and Nobuoka, 1968). The advantage 
of alkaline azo~bilirubin methods is that the absorbance 
measurements are made at a wavelength at which haemoglobin 
and carotenes make little or no contribution. This obviates 
the need for serum blanks.
All the methods referred to above were designed to measure 
bilirubin in the presence of protein. The principle 
differences lie in the accelerating agents used, in the 
concentration of sulphanilic acid in the diazo reagent and 
in the pH of the final coloured solution. A comparison
of the methods is made in this section.
Materials and Methods
Bilirubin standards were prepared according to the method 
of Gadd (1966)
(A) A solution containing 5*0 g/100 ml bovine plasma 
albumin in 0.1 M phosphate buffer pH 7 A  was prepared by 
diluting 50*0 ml of 30 % "Bovumin" (bovine plasma albumin 
solution) to 300 ml with 0.1 M phosphate buffer pH 7 •b 
(13*97 g anhydrous dipotassium hydrogen phosphate and 2 .69 g 
anhydrous potassium dihydrogen phosphate dissolved in and 
made up to 1 litre in distilled water.
■ (B) Bilirubin (50.0 mg; molar extinction at -^5^  nm not less 
than 58,000; 3DH) was dissolved in 50.0 ml dimethyl-
sulphoxide. This was allowed to stand in the dark for
5 min after mixing^to allow complete solution and 
clarification. Working standards of 15*0 and 5*0 mg/100 ml 
bilirubin were prepared from these two solutions by diluting
•7*5 nil and 10«0 ml bilirubin solution B to 50.0 and 100 ml 
respectively with albumin solution A. Further dilutions 
of these standards were made using albumin solution A. 
Although these standards are alleged (C-add.,1966) to remain 
stable for 30 days when stored at 20°C, some deterioration 
occurred after only two weeks.
Control serum MVersatol,! , a freeze-dried human serum 
(Warner Chilcot Laboratories) which, when reconstituted 
with precisely 5*0 ml distilled water, had a total bilirubin 
content of 5 .1 mg/1 0 0 ml.'
Diazo reagents. The following solutions were prepared :
(1) Sulphanilic acid 0.1 ^ in 1.5 ^ v/v hydrochloric acid. 
The sulphanilic acid (1.0 g) was dissolved in 800 ml of 
warm deionised water, 1 5 .0 ml of hydrochloric acid was 
added and the volume made up to 1 litre with water.
(2) Sulphanilic acid 1.0 % in 1.5 % v/v hydrochloric acid 
was prepared as above (1 ) but using 10 .0 g instead of 1 .0  g 
sulphanilic acid.
(3) Sodium nitrite 0.5 % was prepared by dissolving 0.5 g 
sodium, nitrite in deionised water and making up to 100 ml.
Two different diazo reagents were prepared freshly for use 
by mixing the above solutions as follows :
(a) To 10.0 ml of 0.1 % sulphanilic acid was added 0.3 ml 
sodium nitrite solution.
(b) To 10 .0 ml of 1.0 % sulphanilic acid was added 0.3 ml 
sodium nitrite solution.
Diazo-blank reagent 1.5 % v/v hydrochloric acid in deionised 
water.
Accelerating reagents
1 . Methanol (Malloy and Evelyn, 1937)
2. Urea/acetate/glycine (Ichida and Nobuska, 1968); ^O.Og
urea, 10.0 g sodium acetate, 3H2O and'. 5-0 g glycine were 
dissolved in demineralised water and diluted to 100 ml.
3. Diphylline/aeetate (Michaelsson et al. 1965); 5.0 g
diphylline (7- (-2, 3-dihydroxypropyl) theophylline) and 12.5 g 
sodium acetate 3 ^ 0  were dissolved in warm demineralised water 
and after cooling diluted to 100 ml.
*+. Sodium benzoate/urea (Powell, 19M+); 10.0 g sodium
benzoate was dissolved in 7 0 .0 ml demineralised water, 10.0 g 
urea was then added and when dissolved, the volume made up 
to 100 ml with demineralised water.
Alkaline tartrate - reagentjSodium hydroxide (100 g) and sodium 
potassium tartrate (350 g) were■dissolved in demineralised 
water and the volume made up to 1 litre. This solution was 
then filtered.
Ascorbic acid reagent. Ascorbic acid (2 .0g) was dissolved 
in 50 ,0 ml of demineralised water.
The reaction mixtures were prepared as ..shown in Table 3*13 
and the methods carried through manually. The absorbance 
was measured in each case in a Unicam SP ikOO colorimeter 
with 1 .0 cm cuvettes against water.
Table S'-13' Composition of reaction mixtures and procedure for
the measurement -of"total”bilirubin - in 'serum or plasma
Volume (ml) and method
. . . y  •.
Reagent/ Malloy et, al.c Powell Michaelsson et ak. Ichida et a 
component (1937) (1935) 01965) (1968)
Sample 0*2 O A  0.1 0.1 *
Water ^1.5 -•—  1.0 0.5
Diazo reagent 0.5 0.2 0.5 Q.5
Accelerator 2.0 3.!t 2.5
1
lr\OJ
Allow 15 min reaction time
Ascorbic acid — —. — m ^  m 0.1 O.i
Alkaline ■ 
tartrate --- (1.5)* 1.5 1.5
Dilution of 
sample 1 in 20 1 in 10
. (1 in 13-75)*
1 in 57 1 in 52
Wavelength
(nm) 5^o 5lf0
(59^)*
59!! 593
Notes on Table 3*13
1. For each method the appropriate accelerating reagent was
used (see above) .
2. For the method of Malloy et. al. diazo reagent (a) was used
and for the remainder diazo reagent (b) was used.
3. Sample-blank reactions were carried out in the methods of 
Malloy et. al. and Powell using diazo-blank reagent instead
of diazo reagent. No sample-blanks were used in the methods 
of Michaelsson et al. and Ichida et al. for reasons which
will be discussed later under results and discussion,
A standard of 10,0 mg/100 ml bilirubin, a commercial 
control serum (MVersatoln, Warner-Chilcot Laboratories; 
manufacturers value, serum bilirubin - 5*1 mg/1 0 0 ml) and 
'a serum sample with a bilirubin level estimated at 13 ,b 
mg/100 ml by the routine laboratory method (Malloy et al. 
1937) were each estimated by all four methods.
The Powell (195+5+) method was used as an additional check 
on the influence of alkaline, tartrate reagent on sensitivity. 
Absorbance measurements were made at 5^0 nm and again at 
59^ nm after the addition of alkaline tartrate reagent.
The time for the full development of the azo-bilirubin 
colour was measured using the Powell (19^+) method and a
10.0 mg/100 ml bilirubin standard. The reaction was timed 
from the addition of the diazo reagent (b). After mixing 
thoroughly the absorbance was measured at 55 1Q> 15 and 20 
min against a sample-blank.
The need for ascorbic acid reagent (Ichida et. al.1968) 
when using automatic analysers for bilirubin estimation 
was investigated. Two series, one of 56 and the other 
of 63 samples, were analysed on the Technicon Auto-Analyzer 
using the reagents of Ichida et ad^ . (1968). The same 
samples were analysed a second time after the ascorbic 
acid solution had been replaced with deionised water.
Results and Discussion
In the choice of method for the estimation of plasma 
bilirubin by the Vickers machine, first consideration was 
given to that of Malloy et. al> (1937); since considerable 
experience of the method had been gained from its long use 
in the routine laboratory. It was necessary however, to 
reject the method since the methanol, used as the accelerator, 
was found to escape readily at the syringe plungers and 
non-return valves. Attention was therefore switched to 
those methods using accelerators which are in aqueous
j
solution.
First a check was made, using the method of Powell (19^)
(with diazo reagent (b) see Materials and Methods), to 
determine whether full development of the azo-bilirubin 
colour was possible within the time permitted by the 
Vickers machine (working at the rate of 300 samples per 
hour - i.e 10 min). Next, comparison was made of a small 
group of methods which employ' aqueous solutions of 
accelerating agents. The method of'Malloy et. af. (1937) 
was used for reference.
Table 3.15+ shows the absorbances of a 10.0 mg/100 ml 
standard bilirubin solution measured at intervals of 5 
min from the addition of diazo reagent to the reaction 
mixture. It can be seen that plateau absorbance is 
virtually reached within 5 min. This is well within the 
reaction time limit of 10 min imposed by the Vickers 
analyzer.
Table 3.1*+ Azo-bilirubin absorbance at timed intervals 
from the addition of diazo reagent
Min from start of reaction Absorbance (test-blank)
. 5 0 .310
10 ' 0.312
15 0.311
20 ' 0.312
The results of the experiments to compare five methods of 
bilirubin estimation are given in Table 3*15* From this 
table and from Table 3*13 it can be seen that there is a 
difference in the dilution of sample in the final reaction 
mixture from method to method. This alone will cause a 
difference in the sensitivity of the methods. In order 
to exclude the variability in sensitivity introduced by 
the differences in dilution (and so allow a stricter 
comparison of the chemical aspects of the methods) "correction 
factors" were determined for each of the methods. These 
were calculated by relating all the dilutions to the 1 in 
20 dilution of the method of Malloy et. ad. (1937)*
For example; the dilution of the Michaelsson method (1 in 
57) is 2 .85 times greater than the reference method; the 
dilution of the method of Ichida et al. (1 in 52) is 2 .6  
times greater than the reference, method; the dilution of 
the method of Powell (1 in 10) is 0.5 that of the reference 
method and with the use of alkaline tartrate reagent 
(1 in 1 3*75) ii is 0 .6 8 that of the reference method.
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These factors were used to “correct15 the absorbance values 
of the standard 5•commercial control serum and test serum, as 
shown in Table 3.15* Comparison of the “corrected 
absorbance51 values in this table shows that the methods 
using the alkaline azo-bilirubin reaction (Michaelsson 
ejt al.. 1965 and Ichida et. al. 1968) are more sensitive than 
the reference method. The method of Powell (19^+)' was 
less sensitive than the reference method even when 
employing the use of alkaline tartrate reagent, although 
the use of the latter reagent improved the sensitivity 
by b-5 %.
Ascorbic acid reagent in the methods using the alkaline 
azo-bilirubin reaction is used, according to Richterich 
(1969b) “to destroy the excess diazonium chloride before 
alkalinisation and to inhibit the blocking effect of 
haemoglobin derivatives on dyestuff formation". It is 
difficult to understand this latter claim since, by the 
time the ascorbic acid is added to the reaction mixture, 
azo-bilirubin (“dyestuff") formation should be complete. 
Since-the addition of the ascorbic acid reagent brings 
about the simultaneous destruction of both the “blocker" 
and the diazonium chloride reagent, the “blocking agent5 
is destroyed only after the termination of the reaction.
In his review on bile pigments, With (1968) reports that 
"the diazo reaction can be stopped by the addition of large 
amounts of acid or alkali". He goes on to say, however, 
that the termination is not instantaneous and that it has 
been shown that “when strong alkali is added to bilirubin 
solutions which contain serum, the reaction rate increases 
initially. After this initial increase the' reaction stops
instantaneously". When using manual techniques for the 
estimation of serum or plasma bilirubin, and particularly 
when dealing with large batches of tests, the time between 
the addition of the alkaline solution and the measurement 
of absorbance may vary. In such circumstances the 
continuation of colour development after the addition 
of alkaline tartrate reagent could lead to errors. This 
seems a more likely reason for the rapid termination of 
the reaction with ascorbic acid. Howeverj with the use of 
automatic analysers, the precise timing of the different 
stages of a method is assured and the need for ascorbic 
acid questionable. To investigate the need for ascorbic 
acid, when using automatic systems, serum samples were , 
analysed in a Technicon Auto-Analyzer by the method of 
Ichida et al. (1968), first using ascorbic acid reagent 
and then using water instead. Two series of samples 
were analysed. In the first series (56 samples) ranging 
in value from 0 .7 to 6 .0 mg/1 0 0 ml, a coefficient of 
correlation of 0.992 was obtained. In the second series 
(63 samples) the coefficient of correlation was 0 .999« 
Whatever the theoretical considerations, these results 
show that in practical terms there is no point in including 
ascorbic acid reagent when using an automatic machine for 
the estimation of serum or plasma bilirubin.
Conclusion
Of the methods tested that of Ichida et. al. (1968) was the 
most sensitive (Table 3*15) and was therefore considered 
most suitable for use with the Vickers analyser. Due to 
the mechanical imperfections of the early commercial 
prototypes of the Vickers analyser, this method was not
de-vel'oped to complete satisfaction; bat prolonged 
experience of the method with' a continuous flow system 
has proved satisfactory. The following notes summarise, 
the factors which influenced the choice and revision of 
the method for use with the Vickers analyser, as described 
in Appendix 3
1. A concentration of 1.0 $ sulphanilic acid was used, 
in the diazo reagent because this has been shown by Lathe 
and.Ruthven.(1958)■to increase the rate of coupling of 
unconjugated bilirubin. The influence of different 
concentrations of sulphanilic acid and diazotized sulphanilic 
acid has not been studied in this work. It has however, 
been shown that with urea plus sodium benzoate accelerator 
and using 1.0$ sulphanilic acid in the diazo reagent 
colour development is complete within the reaction time 
permitted by the Vickers machine.
2i To allow the maximum reaction time it is important 
that the diazo reagent should be dispersed as quickly as 
possible throughout the reaction mixture. Mixing on the 
Vickers machine is dependant on the force of the jet of 
reagent during its addition and convection currents.
If mixing by reagent jet is to be efficient it is necessary 
that the volume of liquid added should be at least as great 
as the volume already in the reaction tube. Long experience 
in a routine clinical chemistry department has shown 
that :
(1) diazo reagent for bilirubin assay may be unstable 
and should be renewed within 3 hours of mixing the sodium 
nitrite and sulphanilic acid solutions.
Dixirce solutions xena 'co oe xess s'caDie cnan more 
concentrated ones. • ;
The method for the estimation of bilirubin on the Vickers 
machine is so arranged that a volume of 0.3 nil diazo reagent 
is added to a 1.0 ml dilution of serum in accelerator.
Clearly, mixing will not be- efficient. To dilute the diazo 
reagent and so increase the required volume (to ensure 
adequate mixing) may further reduce its stability. The 
problem was overcome by adding at the same time as the diazo 
reagent, from a second jet, a volume of 0.7 ml of a solution 
of 0.1 fo v/v Triton X-100 in water.
(3) The need for ascorbate reagent to destroy excess 
diazonium chloride on the completion of azo-bilirubin 
formation, has been investigated. It appears to be.un­
necessary when automatic analysers are used for bilirubin 
assay.
(*+) The influence of haemoglobin on the absorbance of 
alkaline azo-bilirubin is small (Ichida ^t al. 1968). At 
plasma ozy-haemoglobin levels of between 200 and 500 mg/100 ml 
a reduction in value of a 10.0 mg/100 ml bilirubin standard 
of between 2.3 and 3*8 % was observed by these: authors.
As- the plasma free haemoglobin level is normally 1.0 to  
*+.0 mg/100 ml it may be argued that the inclusion of plasma 
blanks is unnecessary in all but grossly haemolysed or 
turbid sera. The advantage of avoiding plasma blank 
measurement .is in the saving of. an analytical channel.
(5) The bilirubin standards prepared as described under 
materials and methods are alleged (Gadd, 1966) to remain 
stable for 30 days if stored at -20°C. Billing, Haslam 
and Wald (1971) using pooled human serum instead of bovine 
plasma albumin, agree with this claim, providing the
standards are stored in small aliquots, to avoid the need for 
repeated thawing and refreezing. This has not been the 
author's experience. Even under the latter conditions, 
lower than usual absorbance values, indicating deterioration, 
have frequently been observed after only 1*+ days.
Chloride
Earlier methods of. chloride estimation employed a variety 
of reactions which invariably involved titrimetric 
procedures (Van Slyke, 1923, Schales and Schales, 19^1;
King and Bain, 1951 and Sanderson, 1952). In 1962 
Barr described a colorimetric procedure but it was not 
practicable to use this with the Vickers analyser because 
of the need for removal of the suspension of mercury 
chloranilate reagent by centrifugation. Schoenfeld 
and Lewellen (196*+) described a colorimetric method using 
mercuric thiocyanate and ferric nitrate reagents. Although 
this did not require removal of protein an initial 
turbidity occurred on reagent addition. The authors 
recommend an interval of 10 min for this to clear and the 
colour to develop. An improved procedure based on the 
same principle was described by Hamilton (1966). The 
chemical principle depends on the reaction 2 Cl'+ Hg (SON)2= 
Hg CI2 (very slightly ionised) + 2  SON* SON* + Fe+++ =
Fe SCN++ red. The reagent used contains, as well as ferric 
and mercuric ions and mercuric thiocyanate, perchloric 
acid to increase the colour intensity of ferric thiocyanate 
and urea to solubilize the serum protein. A slight 
excess of mercuric ions were added to the reagent in order 
to linearise the plot of absorbance against chloride 
concentration. The method was investigated for use with 
the Vickers prototype.
Materials and Methods
Colour reagent (Hamilton, 1966)
A 1,500 ml beaker with a plastic covered magnetic stirrer 
was used for vigorously mixing the following reagents.
600 ml, allow to cool to about 20°Ce Add 2,0 K ferric 
nitrate, 7*5 ml and O.b- M potassium thiocyanate, 12,5 ml.
The resulting red coloured solution was titrated to an 
exact colourless end point using 0.2 M mercuric perchlorate 
solution. For reasons which will be discussed later, 
this reagent proved unsuitable when used as diluent 
in the Vickers prototype. A modified reagent was therefore 
tried.
Modified colour reagent’without perchloric acid 
The modification of omitting perchloric acid from the 
colour reagent complicates its preparation by reducing 
the clarity of the end point of the titration with mercuric 
perchlorate. The following procedure was therefore 
adopted. Titration was continued until the reagent had 
changed from deep red to pale yellow. At this point
1.0 ml of the solution was removed and mixed with 1.5 ml 
• 60 $ perchloric acid. Titration was continued using 
this external end point technique until no red colour 
developed on acidification.
Aqueous standards were prepared with chloride concentrations 
from 85 to 115 mEq/1 (a range chosen to amply cover the 
physiological normal range of 96 to 106 mEq/l). For 
reasons discussed below, three alternative tests were 
performed by mixing 0.1 ml of a 1 in 5 aqueous dilution 
of standard or serum with :
(a) Hamilton reagent unmodified (2.7 ml)
(b)- -Water(0.7 ml)followed by 2.0 ml Hamilton reagent
unmodified
(c) Modified colour reagent 1.1 ml and 1.6 ml 60 $ 
perchloric acid
Blank solutions-were prepared by adding 0.3 ml 0.2 M
mercuric perchlorate. Absorbances of all the reactions 
were read at nm. Standard curves were plotted in 
Fig The method proposed as the outcome of the .
trials is described in Appendix 3.
Results and Discussion
At first unmodifed Hamilton reagent was used as diluent 
on the Vickers prototype. This arrangement proved un­
satisfactory since the traces of perchloric acid-containing 
reagent carried on the sampler-diluter probe were sufficient 
to cause protein precipitation in the plasma samples.
The use of water as diluent followed by the later addition 
of unmodified reagent was also unsatisfactory. Turbidity 
resulted when plasma samples were used, probably because 
the concentration of urea in the diluted reagent was no 
longer high enough to solubilize the protein. There was 
also a drop in sensitivity most likely due to the dilution 
of perchloric acid. The addition of the reagent without 
perchloric acid in the first instance, allowed sampling 
without protein precipitation in the plasma samples.
Although a slight reduction in sensitivity resulted, the 
loss was less than when using water diluent. Fig 3*121) 
compares the results of the three procedures using aqueous 
standards. Linearity was not achieved. The method was 
not'tested fully on the Vickers'prototype available due 
to frequent mechanical failure and unsatisfactory colorimetry 
The recommended procedure (Appendix 3) was used by R.Bevill 
in the United States on the first mechanically and 
colorimetrically satisfactory Vickers production model.
He reported that the method was linear from 60 to 200.
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Conclusion
A method modified from that of Hamilton proved to be 
suitable for chloride estimation-on the Vickers machine.
An. undesirable feature is the presence of perchloric acid 
which could cause serious corrosion if spilled. More 
recently, a method has been developed by Giraudet, Pre 
and Cornillot ' (1970). This avoids the need for perchloric 
acid by-using a final plasma dilution of more than 1 in 
700. -
Future work may include the application of this method to 
the machine.
The choice of method for glucose estimation using the
Vickers analyser was simplified by the fact that those
involving a glucose oxidase and peroxidase system best
fulfilled the requirements. Because of the need for
protein removal and boiling, the classical methods of
assay by reduction of alkaline copper or ferricyanide
cannot be used. The same objections exclude the use of
the".O-toluidine method (Hultman, 19595 Hyv&rinen and
Nikkila, 1962; Ceriotti and De Nadas Frank, 1969)*
Ceriotti (1971) has described a method which avoids the
need for protein removal. It was finally decided to use
a modification of the method of Discornbe (i960) with
(See p&ge a 99)
O-tolcidine as the chiomogehic oxygen acceptor^. One serious 
problem, however, arising from the estimation of glucose 
by means of the Vickers machine, is the prevention of 
glycolysis in the blood sample. Glucose disappears fairly 
. rapjily from blood, on standing,, due to its conversion into
1 '
lactic acid. This occurs even in a sterile specimen 
(Varley, 1969c). To prevent glucose loss in this way 
sodium fluoride and sodium iodoacetate (Marks and Lloyd, 
1963) nave been used as preservatives. With a sodium 
fluoride concentration of 2 0 .0 mg to 5*0 nil blood glucose 
loss will be prevented for two to three days (Varley, 1969c) 
Since a blood sample for multichannel analysis is expected 
to have a number of tests performed on it, the choice of 
preservative must be such that it will interfere with 
none.of the other methods, for example - the use of sodium
fluoride would falsely increase the plasma sodium level 
and may inhibit the activity of certain plasma enzymes 
to be assayed.
X further consideration is that the container for collecting 
blood for the Vickers multichannel machine is open to the 
atmosphere until filled with sample, thus precluding the 
use of liquid preservatives like formaldehyde.
This subsection therefore, describes work carried out to 
find acceptable way of preserving glucose. The problem 
was approached from two different angles : one, a search 
was made for a fluoride compound, other than sodium fluoride, 
which would prevent glycolysis without influencing the other 
assays to be carried out on the same sample; and two, 
experiments were carried out to discover the effect on plasma 
glucose stability, of centrifugation and refrigeration.
Effect of various fluorides on glycolysis in whole blood
Fresh samples of venous blood were collected into heparinised 
containers and divided into two aliquots. Fluorides 
of lithium, caesium, cadmium, rubidium, zinc, nickel and 
manganese were added, to one half and sodium fluoride to 
the other for reference purposes. The concentrations 
of fluorides used} are given in Table 3.16. The samples 
were then centrifuged without delay and plasma sugar 
measured at zero time and at intervals up to 2 -^ hours 
mixing the samples between estimations. Glucose was 
measured on the Auto-Analyzer using a modified glucose 
oxidase, peroxidase, O-dianisidine method of Discombe 
(I960). On the same specimens the following assays were 
carried out to check for interference : urea (urease method; 
Fawcett and Scott, i960); aspartate transaminase (G.O.T) 
(colorimetric 2 .k dinitrophenyl hydrazine method: King
1953); alkaline phosphatase (phenolphthalein monophosphate 
method; Babson• 1966).
Effect of centrifugation and refrigeration on glucose loss 
from plasma
Fresh venous blood samples (6 ) were taken into heparin 
tubes, thoroughly mixed, and divided into four equal parts. 
These were immediately centrifuged and plasma glucose 
measured on each using the Boehringer GOD-Perid-method 
with preliminary sodium tungstate, copper sulphate protein
removal. Sample and diluent measurements for the 
precipitation stage of the reaction were made with a
it u
Marburg pipette and Zippette respectively.
Two of the spun samples were allowed to remain undisturbed,
one at ^°C, the other at 21°C. The remaining two were
mixed and again kept at the above temperatures, centrifuging 
immediately before hourly sampling and glucose analysed 
as described above.
During this work the question was also raised that, while 
storage of blood samples 'in this manner might help wulth 
the preservation of glucose, there may be a significant 
diffusion of potassium from, and sodium; into? the cells.
This was checked in the following manner. A. fresh venous 
blood sample was taken into a tube containing lithium heparin. 
This was mixed and divided into two aliquots. Both aliquots 
were centrifuged and the plasma from one (A) removed with a 
Pasteur pipette into a separate stoppered plastic tube.
Plasma in the other sample (3) was allowed to remain over 
the blood cells. Plasma sodium and potassium levels -were
measured in both samples, hourly for six hours; and again
at twentyfour hours. A commercial unassayed control serum? 
("Qualtrol"; Dade) was measured at the same time.
Between measurements the samples were stored in the 
refrigerator at l+°c. The assays were made using an EEL 
flame photometer which had been modified to make 
simultaneous measurements of plasma sodium and potassium.
The instrument was calibrated with an aqueous standard 
containing sodium and potassium chlorides at concentrations 
of 100 mSq/1 and 5 mEq/1 respectively. The standards and 
samples were diluted for use (1 in 100) with demineralised 
water. The commercial control serum nQualtroln was used 
as a means of checking flame photometer drift after
twentyfour hours. •-
Particular care was taken when pipetting the' plasma .from 
sample (B) to avoid disturbing the blood cells*
Results and Discussions .
Fluoride preservatives
Table 3.l6 shows the influence of various fluoride compoun 
on glycolysis in whole blood samples. In the same table 
the effect of fluoride on urea, aspartate transaminase 
and alkaline phosphatase assay is also shown. Lithium 
fluoride, probably because of its low solubility, does 
not prevent glycolysis although compared with the control 
blood sample a higher percentage glucose remains after 
twentyfour hours. Manganese fluoride at a concentration 
of 1.0 mg/ml of blood also fails to prevent glycolysis. 
Nickel fluoride prevents glycolysis for up to three hours. 
Zincy caesium and rubidium fluorides completely preserve 
blood glucose over a period of twTentyfour hours. All are 
unsuitable for use with the proposed system however, as
zince and nickel cause protein precipitation, and caesium 
and rubidium are extremely deliquescent and may therefore 
be lost in drainage from the blood vials before use.
Sodium fluoride is effective for twentyfour hours down to 
a concentration of 1.0 mg/ml blood. The slight 
fluctuations seen in the results of this, caesium and 
rubidium fluorides are within the limits of error of the 
method of glucose estimation.
The use of sodium fluoride at a concentration of 1.0 mg/ml 
would increase the plasma sodium measurement by 2b mEq/1 
automatic correction, for this would depend for its accurac 
on correct dispensing of fluoride .and addition of an 
exact blood volume (6.0 ml) to each vial.. An error of
Ta
bl
e 
3*
16
 
In
fl
ue
nc
e 
of 
va
ri
ou
s 
fl
uo
ri
de
 
co
mp
ou
nd
s:
on
 
th
e 
ra
te
 
of 
gl
yc
ol
ys
is
 
in
 
vf
ao
le
-b
lo
od
 
sa
mp
le
s;
 
on 
ur
ea
, 
G
O
T
:
a
n
d
.* 
al
ka
li
ne
 
ph
os
ph
at
as
e 
a
s
s
a
y
CO
P
£0
sr;
6
o
0
£
•H
£  rH 
O  d 
•H ft 
P  rH 
d  <q 
£
•H
-P
CO
0
EH £ O
o  cd
0
w
d
-pd
ft
ft
to
oH
ft
-Po
0
ft
u
0  CM 
to 
o 
o 
£
H  £tO ft
fA
0
to
O CM 
o
3
rH
S A
O
O
,H\  £ to fta
o
rH
£ \
O  ho
O  S
0
t£
•H
£
Or~t
rH
ft
r< »
<n
£
d to
CO ^
• oPi- ft 
rH
-d
P  CM 
to
O  d  
H  £
0r£ •
o l a ft
rH £ 0 
•H > 
•H
H  O-P! 
O  to o 
£ O  0 ft O PJ 
£  £  to 
O  H  0 
O  «*0 £
O
rH
ft
LA
VD
CM
CO
a
q
CM
OV
CM
-d*
fA
CM
*
rH
•H
ftft
■H
Pi
•rH
f t  f t  
-P o 
•HP £ O
to £  
to £ 
P 0,
Eh f t  
O  o
ci>
to
£  ft 
•H *ri
0
to H  
c:
0 0 
£ h 
O  *<H 
£
•H
0 
f t  
EH
O
rH
rd
ft. ft 
£ ft 
0 0 
> a
h-
rH
+
CM
CM
rH
O
CM
rH
O
CM
rH
£d
to
0
rd
•H
£
O
£
rH
ft «• 
ft
s ^ £ 0 
•H O 
CO CO 
0 0 
a £ 
o  O' 
•H 
rd rH 
£ 0 
£ rd
to ft
•H £
£  P
LA
CO
•
o
ft-
«
rH
CT\
rH
CO
f t
O
CM
rH
O
O
rH
i
©
G
! °Ift
0
ft
d
ft
•r-i
ft
•H
G
0
£
P<
0
P
•H
43
£
O
•H
P
•H
5
ft
£
•H
B •H %£
•H d •rH
to 
0 •
♦H
ft rl
d £ d
0 ft 0
o
£
Pr
to
0
II?
Is
!-ri
I °
0
ft
0
fcxf rH 
£|ft 
•HI W 
rO P  
S  -H 
dl £ 
P |  to 
col £
O
ft
O
fA
O
LA
VD
LA
VO
-3-
vc
1
i to
J © 
p  
d 
P  
! *H 
! P, 
•H 
\ O  
! 0 
u
| *  
*! 0 
! rH
1 d 
• P  
I -H
i to 
.1 ft
; r d  c o
; £  . 
I d rH
| 0  P  
! rH CO 
ft O  
O rH 
l-H
0l
ft’
03 i! 
£  j
M
co _d- 
! 0 CM
! £  rd 
O -ri rd 
£ £ 
o d 
jrd £
O H  fA
L3V1
| ,d  to 
0 
co 
£ 
d
ft
(rH 
t O
ft
I ft 
! £ 
0 lo
1 i
0 . £
• O
i £
! 0 
I i £
1 8
! o
KY
CO
fA
03
K\
CO
i 1
! Mf t -  ;v o
| CM CM 
!rH IrH 
• rH rH
°. P.
rH rH
LA
LA
fA
VO
|
i
I LA
O
H
(CM
|
‘rd
• G
ov| c 
*lLA
“ le
P  l-H 
to!
0 0  
rH! to
‘ O 
rd ’ o01 £ 
O } r—I 
rH I tO
r° U
H
0 JH £ fA 
Pi 
£ :rd01 £ 
CD d
! ft !i r-i
I ®I > I 
!-H j
l o  
i g. t
5 w t 
I 0
1^
i W
! &1 o 
143
O
0 I £
! C
0  J 0  
£  £ 
O  O 
£ £
fA
VO
H
VO'ft- CO 
. 1 • ! .
CM
CO
fA
CM JO  
H
i
I
03 ! 1—! 
fA JfA
ft
fA
03
fA
VO JfA 
‘fA jfA
ft
fA
O  LA• t •
H  O
GV 1—I
LA
fA
H
O
fA
CM
fA
ft
-A
O
eS
3 1 ! B £ I 'H
O
43
f t
•H •H ! *H [ *H VO
rp f—H I'd | d LA
O C ° O00 CO 00 j C/J Hi-
1*5 %• None of these alternatives provide, the ideal 
solution*
Glucose preservation by centrifugation and refrigeration
Glycolysis .in-whole blood is brought about by cellular 
enzymes. A reduction in the surface of cells in free 
contact with the plasma can be,expected therefore to reduce 
the rate of glycolysis. Complete removal of plasma from 
the centrifuged specimen would of course defeat the 
intention of maintaining patient identity by retaining 
the specimen in the machine-readable vial,'into which-it 
was originally collected. The rate of glucose loss from 
centrifuged specimens, without plasma removal, was therefore 
investigated.
The mean percentage glucose remaining and the range for 
each of the four situations described in materials and 
methods, are shown in Table 3*17 and the mean losses 
displayed graphically in Fig 3*13*
B&th Fig 3.13 and Table 3.17 show that a reduction in 
glycolysis rate is achieved with both reduction in 
temperature or centrifugation. A combination of both 
these factors provides the most effective means of reducing 
glycolysis rate to an acceptable level without the addition 
of preservatives providing analysis is carried out within 
three hours.
Table 3*13 shows plasma sodium and potassium levels on 
the centrifuged sample at ^°C. No significant change in 
potassium level was seen for up to twentyfour hours.
The variations in sodium le^el in plasma (B) (left over inth
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Table 3*18 Comparison of 'sodium and potassium levels, at'.
intervals during 2b hours5 in separated plasma (A) 
and plasma allowed to remain over centrifuged cells (B) 
l!Qualtroln results are included to show freedom from 
instrument drift.
Time (hours) Sample A Sample B nQualtrol,f
(mEq/l) (mEq/l) (mEq/l)
Na k Na k Na k
0 lk 2 ‘+.3 lk 2 k .k 122 3.9
1 I M > . 3 1^1 ^.3 122 ,3.9
2 l^l ^.3 i k l 123 3.9
3 *f.3 1^1 V.3
k l^ -O ^.3 1^0 k .3 123 3.9
5 1^0 *+.2 1^1 k .2 123 3.9
6 1^0 k .2 1^0 k .2 121 3.9
2k iVf k .3 I k l *+•3 123 3.9
u j l u u u .  eex-Ls; are no greater m a n  tnose m  either tiie 
separated plasma (where no cells were present to influence 
the result) or in the "Qualtrol" sample. All variations 
are within the limits of experimental.error.
In situations where centralisation of work is envisaged 
and blood samples are to be transported from a peripheral 
collection point it is recommended that the specimen be 
centrifuged before the journey. Expanded polystyrene 
ice boxes provide; a simple means of cooling for limited 
periods of time. To prevent agitation and remixing of the 
cells, in transit, polystyrene beads: may be used in the 
sample vial. After centrifuging these form a rigid mat 
at the interface between cells and plasma.
The first method developed for use .with the Vickers 
multichannel analyser is a modification of that of 
Discombe (19-60) using a single reagent consisting of 
buffered glucose oxidase and peroxidase with 0-toloidine 
as the chromogenic oxygen acceptor. Several years 
experience of the method had been gained, by its use 
with a continuous flow system, in the routine Clinical 
Chemistry department of the Royal Sussex County Hospital. 
Only minor changes were necessary to modify the method 
for the measurement of plasma glucose with a discrete 
analyser.
Materials and Methods
A diluent was prepared by dissolving 32 .0 g anhydrous 
sodium sulphate.+ 10.0 mi Triton X-100 in deionised 
water and diluting to 2 .0 litres.
A stock buffer solution was prepared by dissolving (with- 
heat) 2 3 .2 g of maleic acid in 250.0 ml of deionised 
water and adding 2k . 2 g of tris (hydroxymethyl) methylamine. 
When dissolved, this was diluted to 1.0 litre with distilled 
water.
For use 350.0 ml of the above stock buffer was mixed with 
k8.0 ml M sodium hydroxide and diluted to 1.0 litre with 
deionised water. The final pH of the buffer was 7*0.
A combined enzyme and colour reagent was prepared by 
dissolving in working buffer (pH 7.0) 10.0 mg of horse­
radish peroxidase and adding 5*0 ml of Fermcozyme (Hughes 
and Hughes), or (1.0 g glucose oxidase; Sigma) and 10.0 ml 
of a 1 % solution of 0-toloidine in absolute ethanol.
The reagent was diluted to 1.0 litre with working buffer 
solution. To remove any undissolved material the
reagent was filtered through a Whatman N°i filter 
paper before use. ~
Glucose solutions containing 25.0, 50.0, 1 00.0 , 200.0
300 .0 mg/100 ml of glucose in saturated benzoic?; acid 
were used for standardisation.
A prototype Vickers machine was used for the method at 
an analysis rate of 150 samples per hour. The absorbance 
was measured in a Linson Junior Colorimeter (as previously 
described in Section 1) using an Ilford 205 (narrow cut 
tricolour) gelatin filter. The results were displayed
on a 10 mV chart recorder. Plasma glucose concentration
was estimated by comparison of the peak heights of sampler 
with those of the glucose standards.
Samples of plasma with glucose concentrations of 67.0, 
7 0.0 , 7 2.0 , 86.0 , 195.0 ,199.0 , and 201.0 mg/1 0 0 ml were 
assayed (8 times each).
The mean and mean standard deviation were calculated. 
Results and Discussion
Over a series of 56 results from samples with glucose 
concentrations ranging from 6 7 .0 to 201.0 mg/1 0 0 ml, 
an overall mean of 130.0 mg/1 0 0 ml was calculated.
After adjusting the individual values in each series 
(as described under materials and methods) a standard 
deviation of 2 .6 was calculated (coefficient of variation
2.0 %).
Allegations, gf the carcinogenic activity.of 0-toloidine 
prompted Trinder (1969) to use an alternative chromogenic 
reagent containing phenol and k-amino phenazone. Marimo 
(1969) independently developed this system for use with 
the Vickers analyser. This latter method has been 
generally adopted for use with the Vickers machine.
The method given in Appendix 3 for the estimation of 
glucose by the Vickers analyser is that which was 
originally devised at the prototype stage of the machine 
development. In view of the probable carcinogenic 
activity of the chromogen (O-tolCidine) the'method should 
not be used. Instead, the method of Trinder (19&9) 
and Marimo (1969) as published by the manufacturers, 
is. to be recommended. • ,
Conclusion
Sodium fluoride at a blood concentration of 1.0 mg/ml 
prevents glycolysis for at least twentyfour hours.
At this concentration it does not influence the enzymatic 
measurement of plasma urea or the measurement of aspartate 
transaminase or alkaline phosphatase. It does,' however, 
influence the measurement of plasma sodium. To prevent 
glycolysis, without influencing other biochemical assays 
to be performed on the same .sample, a number of other 
fluoride compounds were tried; but without success.
The alternative treatment of immediate centrifugation 
and cooling of the sample limits glycolysis without 
introducing preservatives which influence other assays. 
This treatment of sample is recommended in every situation 
where delays are expected before the analysis can be 
carried out;
Iron is present in plasma in very small amounts. It 
is associated with a protein which migrates electro- 
phorectically as a p globulin. This protein iron 
complex is called transferrin and the iron is bound 
in Its ferric state.
The main problems in the assay of iron in plasma are; 
releasing it from protein, reducing it to the more active 
ferrous form and finding a sensitive and linear colour 
reaction.
Release from protein binding is most commonly achieved 
by means of acidification with simultaneous precipitation 
of proteins. However, using trichloroacetic acid, 
Fielding and Ryall (1971) have reported a reduced recovery 
of iron due to protein complexing. Riehterich (1 9 6 9 c) 
lists a variety of reducing agents which have been 
recommended for the reduction of ferric iron released 
from protein, these are ; hydroquinone, sulphite, 
ascorbate, thioglycollate and hydroxylamine. The use 
of mercaptoic acid as a reductant was suggested by 
Goodwin, Murphy and Guillemetti (1966) because its high 
speed of action shortened the time necessary for 
incubation. However, its offensive odour and tendency
to cause turbidity in specimens which had been frozen 
detracted from its qualities.
Varley (1967 b) lists various agents which produce 
coloured solutions with ferrous ions; thiocyanate 
ferricyanide; 2.2 dipyridyl; O-toluidine and the
phenanthrolines.
•Goodwin et al. (1966) and Bouda (1968) used acetate 
buffer(pH k. 5)to release iron from protein and 
bathophenanthroline disulphonate as the colour reagent.
The method of Bouda (1968) was criticized by Tavenier 
and Hellendoorn (1969). who compared it with methods 
using atomic absorption and protein precipitation and 
found 'it to give low results.
In the method described by Goodwin et. al. (1966) it was 
claimed that turbidity occurred only below pH k.O.
In a comparative study Ichida, Osaka and Kojima (1968) 
however, found it necessary to clarify the reaction 
solution of-Goodwin et al. (1966) by including urea and 
Tween 20 in the reagent. An alternative group of 
detergents, the Teepois, were investigated by Colenbrander 
and Vink (1970)* These were claimed to allow rapid, 
specific and fully reproducible analysis with clear 
reaction solutions.
The use of colour reagent tripyridyl-s-triazine (TPTZ) 
was suggested by Ichida et. al. (1968) using a hydrochloric 
acid glycine, Tween 20 buffer pH 2.0. A method using 
this same colour reagent was described by O ’Malley,
Hassan, Shiley and Traynor (1970) who by using buffer 
solutions pH 2 .0 and 9*0 were able to measure serum iron 
and iron binding capacity.
The method proposed here for estimation of serum iron 
is that of Goodwin et al. (1966) modified by addition 
of urea and Triton X-100 to reduce the turbidity in the 
reaction mixture.
Materials and Methods
The reagents were prepared according to the method of 
Goodwin et. al. (1966)
A. stock acetate buffer (pH k.5) was prepared by mixing 
100 ml of a 60 % aqueous solution of sodium acetate and 
kO.O ml of glacial acetic acid.
A "working" buffer (pH k.5) was prepared by diluting 
the above stock buffer I'in 10 with demine rail sod water*  
Buffered ascorbic acid was prepared by dissolving 1 .0 g 
of ascorbic acid in 100 ml of "working" acetate buffer. 
Bathophenanthroline reagent was prepared by dissolving 
100 mg of the disodium salt of k, 7 - diphenyl - 1 , 10 
phenanthroline-disulphonie acid in 100 ml deriiineralised 
water. •
Iron standards were prepared by dissolving l.kOk g of 
ferrous ammonium sulphate 6H20 in about 750 ml of 
demineralised water in a 1 litre volumetric flask. To 
this 1 .0 g of ascorbic acid and 1 .0 ml of concentrated 
sulphuric acid were added and the solution made to 1 
litre with deionised water. This stock standard contains
20.0 mg/100 ml iron. Working standards of 100, 200 and 
300 pg/1 0 0 ml were prepared by diluting 0 .5 , 1 .0 and 1 .5  
ml of the. stock standard to 100 ml with a 1 % solution 
of ascorbic acid in demineralised water.
In addition to those reagents described by Goodwin et al. 
(1966) a further working buffer solution was prepared 
by diluting the stock buffer (described above) 1 in 10 
with a solution containing 10 % urea and 0.5 % Triton 
X-100.
A buffered ascorbic acid solution was prepared by 
dissolving 1 .0 g ascorbic acid in the modified buffer 
solution, shown above. This modified reagent was 
used with the Vickers machine. As, at the time, only 
a single-channel prototype machine was available, it 
was not possible to measure sample-blank and test 
simultaneously. The syringe settings and reagent 
probe positions used were shown in Appendix 3 (under 
iron) for the outer ring of tubes.
In order to make blank measurements the samples were 
cycled first with water,instead of bathophenanthroline 
reagent, added through the final reagent dispenser.
For test measurements the bathophenanthroline reagent 
replaced water in that dispenser. Plasma iron levels 
were calculated, after subtraction of the sample-blank 
colorimeter reading from that of the test, by reference 
to the colorimeter readings of the. "iron" -standards:.
A  series of 26 serum and plasma samples were analysed 
in this way and the results compared with those 
achieved manually using the Boehringer iron kit 
(TC-FE Cat.N^: 159^7 TEAA). In this method iron was 
freed from protein by means of hydrochloric acid. 
Proteins were then precipitated using trichloroacetic 
acid solution and removed by centrifugation. The clear 
supernatant fluid was removed and mixed writh a colour 
reagent of bathophenanthroline disulphonate in acetate 
buffer (pH k.0). The absorbance of the resulting 
coloured solutions was read in 1 .0 cm cells in a Unicam 
SP ikOO colorimeter at 520 nm against a reagent blank.
Results and Discussion
The unmodified reagent of - Goodwin et al. (1966) gave 
slightly turbid solutions when mixed with serum or 
heparinised plasma. The modified reagent containing urea 
and Triton X-100 gave less turbidity. For this reason the 
modified reagent was used with the single-channel Vickers 
machine for the assay of iron in 26 samples of serum or 
plasma. Any remaining opalescence was compensated for by 
the use of sample blanks in which water was used to replace 
the 2.2^dipyridyl reagent. The results were compared with 
those obtained on the same samples by means of the manual. 
Boehringer iron kit., A coefficient of correlation of O .96  
was obtained. The regression equation for the two sets of 
results was y = 0.766 x +19.55 (y = Manual, Boehringer; x = 
Vickers, modified Goodwin). The positive intercept on the 
x axis supports the view of Fielding and Ryall (1971) that 
reduced iron recovery occurs in trichloracetic acid 
precipitation methods due to iron-protein complex formation. 
One seriously discrepant result, not included in the series, 
occurred in a grossly lipaemic serum. The modified method 
of Goodwin et al. (1966) used on the Vickers machine, gave 
a result of less than 10 .0 jig/1 0 0 ml whilst the manual 
(Boehringer) method, gave a result of 55«0 ug/100 ml. As the 
plasma monitor of the Vickers multichannel analyser is 
designed to pick out turbid sera,errors of this kind.will be 
predictable. In view of the generally poor agreement between 
laboratories on the results of iron assay, the correlation 
achieved between these two methods was considered satisfactory 
However, in 1971 Persian, Van der Slik and Reithorst.described 
a new reagent 3-(2-pyridyl)-5,6 bis (*+-phenyl-sulphonic acid)- 
1 , 2 , triazine (otherwise called ferrozine) with the
following, advantages:
1. It forms a stable complex with iron between pH k.O 
and 9 *0 .
2. It is considerably cheaper than bathophenanthroline.
3. It is considerably more soluble in water than TPTZ.
V. The molar extinction of the iron ferrozine complex is
greater by 1.23 than the bathophenanthroline or TPTZ 
complexes.
5. The latent iron binding -capacity may be measured at 
pH 9.0 ’ -
Conclusion .
The modified bathphenanthroline disulphonate method of 
Goodwin et al. (1966) provides a method of estimation.of 
plasma iron which gave a satisfactory correlation with the 
manual (Boehringer) method. During this phase of the xtfork 
a reliable Vickers machine with.facilities for running 
simultaneous sample-blanks was not available to us. In' 
addition, the Mk I colorimeter was very insensitive. Further 
work, using a production model of the Vickers machine, is ' 
required to test this method. The alternative reagent, 
ferrozine, may prove to be the superior colour reagent when 
comparison is made in the future. ' .
Lactate dehydrogenase (LDH) catalyses the reversible 
conversion of pyruvate to lactate in the presence of the 
coenzyme NADH^ according to the general equation
CHj . COCOCf + NADH . LDH CH,. CHOHCOO- + NAD*
Pyruvate lactate
The equilibrium' strongly favours lactate formation so 
that the reaction rate is appreciably greater with 
pyruvate as substrate that when lactate is employed 
(Wilkinson, 1962). •
Both "forward" (Wroblewski and La Due, 1955) and "reverse, 
reactions (Wacker, Ulmer and Vallee, 1955) have been 
used for measurement of the activity of the enzyme in 
serum. The course of the reaction at 2V3 to 27°C being 
followed by the change in absorbance at 3^0 nrn.
Comparison of the two methods was made by Weinberg and 
Adler (196k) who concluded that measurement in the 
"forward" direction was preferable being faster and more 
reproducible (coefficient'of variation 8 .0 fo compared 
with 9.2 ■% of the "reverse" reaction). Gay, McComb and 
Bowers (1968) investigating optimum conditions for 
measurement of human LDH activity described methods 
using lactate and pyruvate substrates which gave 
equivalent results with serum samples of varying LDH 
isoenzyme composition. Investigating the non-linear 
nature of the rate of lactate, NAD transformation 
Cdlenbrander, Geuskens and Vink (1970) concluded that 
the reaction products pyruvate and NADH-: were implicated*
Addition of pyruvate and NADH to the reaction mixture 
was shown by these workers to have inhibitory action.
This might be explained,however, by the observations 
of McComb and Gay (1968)* that, various concent rat ions 
of inhibitory substances occur in NADK, preparations 
from-different commercial sources. The implication 
of pyruvate in retarding reaction rate has been confirmed 
by Sharma and Datta (1971) who overcame the problem and 
made the method linear by- reaction of the pyruvate with 
semicarbazide as soon as it was formed.
Colorimetric methods have been described for following 
the course of the reaction in both directions. Cabaud 
and Wroblewski (1958) used 2 , k dinitrophenylhydrazine 
to -measure the change in concentration in pyruvate 
substrate after a fixed incubation time. More commonly*, 
however, the change in NADH, concentration is measured 
using dyes, the colours of which are dependant on their 
state of oxidation. Nachlas, Margulies, Goldberg and 
Geligman (i960) use the tetrazolium salt53-p-nitrophenyl- 
2-p-iodophenyltetrazolium chloride (INT) to measure the 
increase of NADH,. in a system using lactate and NAD"*“ 
substrate. Phenazine methosulphate (PMS) was used by 
these authors as an electron transfer agent between 
NADH2 and the tetrazolium salt.
Aldifferent colorimetric system was described for an 
automatic discrete analysis system (Klein, Morgenstern, 
Flor, Kessler and Meyer, 1965; Morgenstern, Flor, Kessle] 
and Klein, 1966). This method measures NADH increase
by its action in reducing cupric to cuprous ion, the
latter being complexed with neocupronine (2,9-dimethyl-l,
10-phenanthrolineO and the colour measured at *+55 nm.
Because of the limited reaction time.available on the
Vickers machine (10 min) it was reasoned that a reaction
employing pyruvate substrate would be preferable to
lactate. It was argued that the relative position of
the equilibrium of the reaction made the effect of the
+
reaction products, lactate and NaD, insignificant.
The method described by Whitaker (1969) seemed the most 
suitable for adaption. Pyruvate substrate is used and 
utilization of coenzyme NADH. is measured by the extent 
of its reduction of ferric to ferrous salt after incubation. 
Again PMS is used as the intermediary for bringing about 
electron transfer. The concentration of the ferrous salt 
is measured colorimetrically at 529 nm after coupling 
with 2.2* dipyridyl reagent.
Materials and Methods
The method of''Whitaker (1969) was adapted for use on the . 
Vickers analyser* . A series of experiments were carried 
out to determine the concentrations and volumes of the 
reagent which would.allow the measurement of LDH activities 
up to 1,000 mU/ml. This would require a linear standard 
curve up to at least this value.
A pilot experiment was carried out with the concentrations 
of the reagents of Whitaker (1969)’ adjusted to permit the 
use of volumes more convenient for the Vickers analyser.
*Thanks are due to Mrs.A.D.Hough and Mr.E.N.Grundy (Department 
of Biochemistry, Royal Sussex County Hospital, Brighton) for 
their large contributign to this work.
Phosphate buffer (0.1 M; pH 7**+) was prepared by dissolvin 
*+'3 •*+■ .g of disodium hydrogen phosphate. ^^O' and 5.23 g 
of anhydrous sodium dihydrogen phosphate in about.1 .5  
litres of demineralised water. The pH was adjusted to 
7 A  and made up to a final-volume of 2 litres with 
demineralised water. A diluent was prepared by dissolvin
10.0 mg NADH in 60.0 ml of phosphate buffer (pH 7**+).
A substrate was prepared by dissolving b,6 mg of sodium 
pyruvate in 1 litre of phosphate buffer (pH 7.L0.
The colour reagent was prepared by mixing, immediately 
prior to use, equal volumes of the following three reagent
(a) phenazine methosulphate, 153.1 mg dissolved in 1 litre 
of demineralised water.
(b). ferric ammonium sulphate.2b H20 , k82.1 mg dissolved 
in 10 .0 ml of glacial acetic acid and diluted to 1 
litre with demineralised water.
(c) 2 .2 1 dipyridyl, 0 .1 g dissolved in 3 $-v/v acetic 
acid.
The mixed colour reagent is stable for only.a few hours. 
For-this pilot experiment a sample of serum which, using 
the Boehringer UV-method (TC-G-1 Cat. N° 15977 TLA3), 
was found to have an LDH activity of 1,000 mU/ml was 
diluted with a pooled serum found by the same method to 
have an activity of 200 mU/ml.
The Vickers machine was adjusted to pick up a sample 
(1 in 5 dilution of serum in demineralised water) of 0 .2 5  
ml. A volume of 0.6 ml NADH, diluent solution was used 
(diluent syringe setting 0.85 ml). An incubation period 
of 5 min was allowed before adding 0 .2 ml of pyruvate
substrate solution. Afurther 3 min incubation was 
allowed before adding 2.5 ml of colour reagent. A 
blank reaction was carried out simultaneously. Addition 
of the pyruvate substrate;in this case;was made immediate! 
after the colour reagent. The coloured solution was 
measured at 520 nm, immediately after completion of 
addition of the reagents.
For further experiments a series of standards with LDH 
activities ranging from 200 to l,k00 mU/ml, were prepared 
using pooled serum to dilute a pbre solution of LDH 
(Boehringer).
The standards were prepared as follows ;
A volume of 90.0 ml of pooled serum with an LDH activity 
of 200 mU/ml (estimated by the Boehringer UV-method) 
was diluted 1 in 5.with demineralised water. The diluted 
serum was divided into two equal volumes of 225 ml.
One half was fortified by adding 0.03 ml of the concentrat 
LDH solution (activity specified, 1,800,000 mU/ml). The 
activity of the fortified diluted pooled serum was found 
to be 289 mU/ml. This would be equivalent to am activity 
of l,k00 mU/ml in the undiluted sample. A range of 
standards was prepared from the pooled serum and the 
LDH-fort if ied pooled serum, as shown in Fig 3.!1*-*
Fig 3 .11* Preparation of LDH standards from a 1 in 5 dilation 
of pooled serum and pure LDH solution (Boehringer). 
Volumes of reagents used in mixtures are shown above 
the arrows.
The standards are identified numerically and the 
LDH activity of each^mU/mljshown in parenthesis.
1 5 9
(800)Pooled
serum
(200)
100 ml 100 ml LDH-fortified 
pooled serum 
(1 ,^ 00)
50 ml 50 ml
50 ml 50 ml
25ml 25ml
(±,250)(950)(350)
The method of Whitaker (1969} uses inverse '•colorimetry' 
for the measurement of enzyme, activity (i.e the lower ■ 
the LDH. activity the higher the absorbance). The Mk 11 
colorimeter of the Vickers machine is.such that the ntest 
photocell has a positive voltage output linear to 15 volts 
but a negative output linear to only 5 volts. For this 
reason it is necessary to ensure that the solutions with 
the higher absorbance are read in the "test" cuvette 
and those with the lower absorbance in the "blank” cuvett 
In the case of LDH,therefore, the absorbance of the 
"blank" solution, with the higher NADH -concentration-
and hence the greatest colour, must be measured in the 
"test" cuvette and the "test" absorbance must be measured 
in the "blank" cuvette. 'With this arrangement the 
voltage output of the colorimeter will vary directly 
with LDH activity.
A number of serum samples (*+1) were estimated by both 
the Vickers machine method-5 and the Boehringer UV~method 
using the Unicam SP 1800 spectrophotometer at 3^ +0 nm.
The coefficient of linear correlation was calculated.
Results and Discussion
In the pilot experiment using the machine mixture of 
Whitaker (19&9) with the Vickers machine, the plot of 
colorimeter output against LDH activity was non-linear.
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With a smaller sample volume and pyruvate substrate 
concentration, but with an increased NADH, concentration, 
there was aasimilar degree of non-linearity (Fig 3*3.p.-' 
curve 1). A four-fold increase in pyruvate concentration 
in this system resulted in greater sensitivity but did not 
improve the linearity (Fig 3*15 curve 2). The early 
plateau *in both curves 1 and 2 suggested that perhaps the 
limit of activity of the system had been reached. A third 
experiment was therefore carried out in which both the 
sample size and incubation time were reduced. In this case 
there was an improved range of linearity to an LDH activity 
of 650 units (Fig 3*15 curve 3)« A further reduction in 
incubation time together with an increase in the concentra­
tion of NADH; and. a decrease in the volume of pyruvate and 
colour reagent resulted in a still greater range of 
linearity to 800 mU/ml LDH activity (Fig 3*15 curve b ) .
This curve shows the extent of scatter of the results of 
replicate estimations of each standard. The graph is 
plotted through the points of the greatest concentration 
of results.
Finally, a further increase in NADH, concentration was 
made and linearity achieved to 1,100 mU/ml LDH activity 
(Fig 3.16).
The reproducibility of the method 5 was calculated on the 
replicate analysis of each standard. The overall mean of 
105 results (from standards with LDH values ranging from 
200 to 950 mU/ml) was ^67 mU/ml. The standard deviation 
about this mean, was 25 (coefficient of variation 5*3 %) •
The coefficient of linear correlation with the manual 
Boehringer UV-method on the Unicam SP 1800, was 0.9 6.
F i & S . 15 UDU StR^dr^D Corves ( &eacrt oH' Khfc-ro££S
1,2,3 &mj> l*. ; Tr-^us. 2>. i.9 )
Co U915,1M  £ T6.(2L
o or put
(voUT$)
12.
o
m-U/ml UPV\
2>. I G  L.1>H OJ&Vfs. ( (^.ERrCTtoH t*U*TU&c - 6^
" f a S U G  3 . L 9  )  R(\T 4££  Or SCfin'rt-r^. OF ftuPMC?VC8
c^.o r tv e  f u o r r ^ j?  TV iR oU kw  M & r H  V ftu ir& s .)
o
W  U /rat L£>H
Conclusion
.With suitable adjustment of the.reagent concentration 
and volumes, the method of'Whitaker (1969) for the 
colorimetric estimation of LDH activity, was used 
successfully with the Vickers machine. .The method 
gave good linearity, a low coefficient of variation, 
and a good coefficient of correlation with the ultraviolet 
spectrophotometer method used for reference.
3*11 Inorganic Phosphorus
The determination of inorganic phosphorus in plasma is 
usually performed by means of its reaction with acid 
molybdate solution to form phosphomolybdic acid. This 
complex is then reduced giving a blue colour proportional 
to the inorganic phosphorus concentration. Richterich 
(1969a) quotes the method of Raabe (1955) as the only one 
known to him permitting the determination of inorganic 
phosphorus without preliminary deproteinisation.
In this method the phosphate*molybdic acid complex is 
formed without preliminary protein removal. Reduction 
to molybdenum blue is brought about with ascorbic acid 
and the colour stabilised with borax. Sodium meta­
bisulphite inhibits the formation of non specific salt 
complexes. The carbonate-sulphite buffer keeps the 
proteins in solution at pH 8 .7 .
Materials and Methods
It was initially intended to„ use the un-modified method 
of Raabe (1955) with the Vickers anlyser. Accordingly 
the following reagents were prepared : metabisulphite-
borax, by dissolving 19.81 g of sodium tetraborate 
decahydrate and 18 .08 g of sodium metabisulphite in 
demineralised water and making up to 1 litre. 
Sulphite-carbonate, by dissolving 7*06 g of anhydrous 
so'dium sulphite and J+2.k g of anhydrous sodium carbonate 
in demineralised water and making up to 1 litre. The 
solution was filtered before use to remove undissolved 
material.
Hydroquinone-ascorbate, by dissolving 10.0 g of hydro- 
quinone and 1.0 g of ascorbic acid in demineralised water 
and making up to 1 litre.
Molybdic ; acid, by dissolving 5.0 g of ammonium molybdate 
with trituration, in 0.5 M sulphuric acid and diluting 
with, the-acid .to. a volume of 100 ml.
A modified molybdic acid reagent was also prepared by 
dissolving 6.0 g of ammonium molybdate in 5 % perchloric 
acid and adjusting the volume to 1 litre with 5 % perchloric 
acid.
An aqueous inorganic phosphorus standard solution was 
prepared by dissolving mg of anhydrous potassium 
dihydrogen phosphate in 7 0 .0 ml of demineralised water. 
Sulphuric acid (5.0ml, 0.5M) was then added and the solution 
made up to 100 ml with demineralised water. The solution 
.provided a standard of 10.0 mg phosphorus per 100 ml which 
was serially diluted for the preparation of a standard curve. 
For use a 1 in 5 dilution was made with demineralised water.
A further series of standards was prepared in which 1.0 ml 
of standard and 1.0 ml of serum were mixed and diluted to
5.0 ml with demineralised water.
For the first experiment with the Vickers machine a sample 
of 0*3 ml \\/as diluted to 1.1 ml with 0.8 ml of sodium 
'metabisulphite--borax reagent. Volumes of 0.2 ml each of
hydroquinone-ascorbate reagent and molybdic acid reagent, 
were.added simultaneously at a point 8^f sec after the 
time of sample dilution. After 6 min reaction time, 2.0 ml 
the sulphite-carbonate reagent was added. The absorbance
wa-s measured in the Vickers colorimeter at 6LfO nm. The 
reaction rotor temperature was 37°C .
For the second experiment with the Vickers machine 
a sample of 0.3 ml was diluted to 0.8 ml with 0.5 ml of 
metabisulphite-borax reagent. Volumes of 0.6 ml of 
modified molybdic acid and 0.2 ml hydroquinone reagents 
were added simultaneously 2 min after sample dilution.
The sulphite-carbonate reagent was added 3 min later, in 
two.separate volumes, first -0.5 ml and then 1.5 ml, in 
consecutive reaction cavities in order to ensure mixing.
The absorbance was measured at 6^ -0- nm.
Linearity of the method was determined using aqueous 
phosphorus standards with values from 1.0 to 10.0 mg/100 ml 
in increments of 1.0 mg/100 ml. Reproducibility was 
checked by measuring replicate samples. A number of 
serum samples (98) were analysed by the Auto-Analyzer 
(N-26a) and Vickers methods, and the coefficient of linear 
correlation estimated.
Results and Discussion
In the first experiments to investigate serum inorganic 
phosphorus assay by means of the Vickers machine, the 
unmodified reagents of Raabe (1955) were used. The 
linearity of the method was checked by measurement of the 
colorimeter output for a series of aqueous phosphate 
standards both with and without the addition of pooled 
serum. The results (Fig 3.17) show a linear plot of mean 
voltage output (calculated from the output of replicates 
of each standard) against phosphate concentration for
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standards without serum* With serum added to the 
standards (inorganic phosphorus level 3.*+ mg/100 ml; 
calculated from Fig 3.17). an increased colorimeter output 
was observed at all phosphate concentrations. Recovery 
of added phosphate diminished above standard levels of
6.0 mg/100 ml, suggesting a plateauing of the method 
above 10.0 mg/100 ml (i.e the sum of the serum phosphate . 
and the 6.00 mg standard = 9.*+ mg/100 ml) The overall 
mean value of the replicates of each of the aqueous . 
standards was 3*18 mg/100 ml and the standard deviation 
was 0.0395 (coefficient of variation 2.8 %). With pooled 
serum present the mean result was mg/100 ml and
the standard deviation 0 .16 (coefficient of variation 
3.6 %). Visual inspection of the serum-containing 
samples revealed a fine precipitate which undoubtedly 
contributed to the variation in results.
In the second experiment, the modified molybdic acid 
reagent (see under materials and methods) was used. 
Perchloric acid was used instead of sulphuric acid because 
it-.was found to prevent the formation of a precipitate. 
Optical linearity was again achieved to an inorganic 
phosphorus-concentration of 10.0 mg/100 ml in aqueous 
standards. Reproducibility was measured using aqueous 
standards of 1.0, 2.0. !f.O, 8.0, and 10.0 mg/100 ml 
inorganic phosphorus. The standard deviation and 
coefficient of variation for each volume are shown in 
Table 3.20.
Table 3.20. Standard deviation and coefficient of variation 
of replicate assays of inorganic phosphorus in 
aqueous standards
Inorganic phosphorus Replicates SD Coefficient of
(rag/100 ml) variation (/)
1 30 0.03 3
2 30 0.0h9 2.5
b 30 - 0 .071 1.8
8 25 0.195 2 .k
10 25 0.17 1.7
Comparison with the Auto-Analyzer method for 98 samples 
of serum (inorganic phosphorus levels ranging from 1.5 
to lO.1! mg/100 ml) showed a coefficient of linear 
correlation of 0.908 (regression equation y =. 0 .9 2 x + 0.3 
where x - Vickers result and y '= Auto-Analyzer result)
Conclusion
The method of Haabe (1955) was modified for use with the 
Vickers machine by replacing sulphuric acid with perchlori 
acid in the molybdic acid reagent and by reducing the 
ammonium molybdate contents. In this way clear solutions 
were obtained with serum and plasma dilution and good 
correlation was achieved with the Auto-Analyzer. It is 
likely that even better results will be obtained once the 
machine is fully developed.
Total Proteins
The classical Kjeldahl methods for estimation of plasma 
proteins have, for routine purposes, largely been replaced 
by simpler colorimetric procedures. Currently the most 
widely used of these involves the measurement of the 
violet colour of the biuret reaction which takes place 
when substances containing more than one peptide linkage 
are treated with an alkaline solution of a cupric salt.
Materials and Methods
A modification of the widely used method of Weichselbaum 
(19*+6) was chosen for use with the Vickers machine. In 
this,alkaline copper tartrate (biuret) reagent is mixed 
with.an equal volume of diluted sample. The biuret 
■"working" reagent was prepared by making 200 ml of "stock" 
biuret solution to 1 litre with alkaline iodide solution. 
"Stock" biuret solution was prepared by dissolving *+5*0 g 
of sodium potassium tartrate, *+ H^O, followed by 15.0 g 
of copper sulphate, 5 ^ 0  and 5*0 g of potassium iodide in 
about *+00 ml of 0.2 M sodium hydroxide. The volume was 
adjusted to 500 ml with 0.2 M sodium hydroxide. Alkaline 
iodide reagent was prepared'by dissolving 1 6 .0 g of 
sodium hydroxide and 10.0 g of potassium iodide in 
approximately 800 ml demineralised water-and adjusting 
the volume to 1 litre.
A range of aqueous dilutions of bovine plasma albumin were 
prepared which contained from 1.0 to 10>0 g/100 ml (in 
increments of 1.0 g/100 ml). For use with the Vickers 
machine these protein solutions were diluted 1 in 5*
A sample volume of 0.26 ml was diluted with water to a 
final volume of 1.8 ml and 1.8 ml of double strength
working biuret reagent was added. The absorbance of the 
resulting coloured solution was measured at 5*+0 run 
after 8 min reaction time. The rotor temperature was 
set at 37°C.
Results and Discussion •
Since biuret reagent contains sodium hydroxide and other 
salts it was thought advisable not to use it as diluent 
through the sampler diluter, thus avoiding the risk of 
seizure of the moving parts. So that the correct proportion 
of reagent to serum sample could be maintained, when 
water was used as diluent, a double strength biuret reagent 
was prepared. An equal volume of this reagent and the 
diluted serum were used in the reaction.
Under the conditions laid, down, a linear absorbance plot 
was obtained to a protein concentration of 10.0 g/100 ml.
The coefficient of variation replicate results of plasma 
protein assay were 0.77 0.66 /, 0.*+*+ , 0.*+-l % and 0/-+1 Z
respectively for protein concentrations of 2.0, *+.0, 6.0
8.0 and 10.0 g/100 ml.
Conclusion
The total protein method as described., shows a high degree 
of precision. It was proved useful, therefore, as a 
simple means of assessing the performance of prototype 
machines.
Routine estimation of blood urea is commonly carried out 
using the Technicon Auto-Analyzer method;,which involves 
diacetyl monoxirne and acid ferric alum reagents. This 
method has been adapted for manual use by Evans (1968)
Ellis (1971) and Ceriotti (1971) but only in the method 
of Ceriotti is the need for deproteinisation eliminated.'
The manual estimation of urea is generally made with 
methods involving its enzymic hydrolysis to ammonium 
carbonate and subsequent estimation of the ammonium ion 
by diffusion (Conway, 1950) by colorimetry (Varley, 1967 
and Fawcett and Scott, i960) by pH stat (Malmstadt and 
Piepmeier, 1965) and by ultraviolet measurement of rate 
of oxidation of MADH (Hallett and Cook, 1971).
Of these, the most suitable method for use with the Vickers 
machine appears to be that involving the Berthelot 
reaction as described by Fawcett and Scott (i960).
The first trials of the method on the Vickers machine 
showed, it to be too sensitive. The sample syringe sizes, 
were'too large (5.0 ml) to measure microlitre volumes 
reproducibly. Attention was therefore directed towards 
desensitizing the method without reduction in sample 
volume. Measurement of the indophenol blue colour 
before its complete development proved unsatisfactory 
since the absorbance was not linear with respect to 
ammonium ion concentration nor were the results reproducible. 
The use of thymol by Glebko, Ulkina and Veiskovsky (1967) 
and salicylates by Hoffman - la Roche Ltd. (1969) as 
alternatives to phenol, prompted the investigation of these 
and other hydroxy compounds with respect to sensitivity of 
reaction with ammonium ions in the presence of alkaline 
hypochlorite. .
Materials and Methods
Aqueous solutions of a number of hydroxy compounds were 
prepared. Because of the poor solubility in water of 
some .‘of the compounds, only approximate concentrations are 
expressed. In situations where some .of the weighed 
compound did not dissolve the excess was filtered off 
using Whatman N°1 filter papers. The solutions were as 
follows : orcinol, 1 - 2 phloroglucinol, 1 -• 2
2 -naphthol, saturated; 1' - naphthol, 2 - b thymol, 
saturated; sodium salicylate, b %* ■
An aqueous solution of ammonium sulphate was prepared which 
was equivalent to a urea concentration of 300 mg/100 ml 
(i.e.660 mg ammonium sulphate/100 ml). For use, this 
was diluted 1 in 20 wTith demineralised water.
Reaction mixtures were prepared which contained 0.1 ml of 
the diluted ammonium sulphate solution ("test") or 0.1 ml 
demineralised water ("blank") together with.5*0 ml of one 
of the above solutions and 5.0 ml of alkaline hypochlorite 
reagent (5.0 g sodium hydroxide dissolved in 1 litre of 
0,11 M sodium hypochlorite).
The colour changes which occurred on mixing the reagents 
were observed visually and the absorption spectra of both 
"blank" and "test" solutions measured against water.,in 
1 cm cuvettes,using a Unicam SP 300 spectrophotometer. 
P'ollowing these investigations, urea measurement with the 
Vickers prototype was carried out, first using saturated 
thymol reagent and then with reagents containing 1. -2,
5 and 6 $ of sodium salicylate.
xne reagents ror the Vickers machine were as follows : 
a urease solution-was repared by dissolving 2 0 .0 mg of 
Sigma type. Ill urease in 200 ml of phosphate, buffer pH 6.9 
(0.1 M potassium dihydrogen phosphate, 17.5 chL and 0 .1 M 
di-potassium hydrogen phosphate. 30 .0 mlD; mixed and 
diluted 1 in 6 with deminerailsed water. •
Thymol reagent was prepared by dissolving 0.*+ g of sodium 
nitroprusside i n '1 litre of saturated thymol solution.
The reagent was filtered before use.
Salicylate reagents were prepared by dissolving 1 0.0 , 2 0.0 , 
*+0 .0 , 50.0 and 60 .0 g of sodium salicylate, each in 1 litre 
of demineralised water and adding 3 0 .0 mg sodium nitroprusside. 
Alkaline hypochlorite reagent was prepared as described 
above under materials and methods.
The reaction was carried out on the Vickers machine with the 
rotor set at 37°0. . The sample syringe was adjusted to a
volume of 0.05 ml. The sample was prediluted 1 in 5 with 
demineralised water. A volume of 0.8 ml buffered urease 
diluent was used and a 3 aain incubation period allowed.
After 3 'min, 1.5 ml of alkaline hypochlorite reagent was 
added and after a further 12 sec, 1 .5 ml of either the 
thymol or one of the salicylate reagents. The absorbance 
of the reaction mixture was measured at 581 nm after 
allowing 5 min for colour development.
The reagents were tested for linearity and reproducibility 
using a series of standards with urea concentrations of
2 5.O, 50.0 , 100.0 , 150.0 , 200.0 , 250;0 and 300 .0 mg/1 0 0 ml.
Results and Discussion
The absorption spectra of the different hydroxy compounds 
after reaction with ammonium sulphate and alkaline hypo- 
•chlorite reagent, are shown in Fig 3.18.
Orcinol Both test and blank solutions developed an orange 
colour with an absorbance maximum of *+65 nm.
This reagent was considered unsuitable because 
even after heating to 55°C the difference between 
"blank" and "test" was too small.
Phloroglucinol An immediate colour was produced which faded 
too rapidly for measurement to be made.
2-naphthol A yellow colour slowly develops in both the ftest' 
and the "blank". Although there is a significant 
difference betwTeen "test" and "blank" absorbance 
the rate of colour development and final 
sensitivity are too low.
1-naphthol A yellow reagent "blank" colour developed. The 
blue-green solution resulting from reaction with 
ammonium ion had an absorbance maximum of 685 nm. 
The sensitivity of the reagent appeared much less 
than phenol reagent.
Thymol A yellow "blank" and blue-green "test" colour
developed. The absorption maximum of the test 
was 682 nm. The sensitivity v/as lower than that 
obtained with phenol.
Salicylates A yellow "blank" and blue-green "test" colour 
developed similar to that with thymol and 1- 
.naphthol and with an absorbance maximum of 685 nm.
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Of the hydroxy compounds tested three, namely, 1-naphthol, 
thymol and sodium salicylate,gave a suitable colour reaction. 
Only two 'of three were tested on the Vickers machine : 
thymol' and sodium salicylate.
The results of replicate analyses of aqueous urea standards, 
using thymol reagent, are shown in Table 3.20.
Table 3.20 Reproducibility of the -thymol-hypochlorite method
for urea assay, using aqueous urea standards
Urea N° of . Mean SD Coefficient of
(mg/100 ml) replicates colorimeter variation ( % )
output (mV)
70 63 1.*+ 2.2
70 133 2.3 1.7
70 269 3.8 1 .5
70 ^10 6.2 1.5
70 5^8 8.0 1.5
70 670 8 .2 1 .2
Experience with 'thymol' revealed several undesirable features
1. The plot of absorbance against urea concentration was not 
quite linear up to.200 mg/100 ml urea. At urea concentra­
tions of 250 mg/100 ml and above * only a small additional 
increase in absorbance occurred.
2. When this reagent was used in the Vickers prototype 
crystallization of the saturated thymol solution occurred
which prevented the glass non-return valves from seating.
3. Dilution of the thymol solution to avoid crystal formation 
further reduced the linearity of the concentration/ 
absorbance plot.
25
50
100
150
200
250
The reaction tubes are not easily cleaned of thymol.
When salicylate solutions -were used the sensitivity at lower 
urea concentrations was similar to that of thymol but at 
higher concentrations the plateau effect was not so marked.
Fig 3*1‘9 shows that there is a variation in sensitivity and 
degree of linearity at different concentrations of sodium 
salicylate reagent. Similar performance was achieved with 
h and 5 % salicylate solutions but 1, 2 and 6 % solutions 
gave lower sensitivity and poorer linearity.
The use of 1-naphthol which appears to have a lower sensitivit 
than either thymol or sodium salicylate (Fig 3.18) was not s' 
investigated because mechanical developments, (‘for- example
or*
smaller sample syringes, cuvettes of shorter light-path and 
a colorimeter with a linear response to an absorbance of 2.0) 
removed the need . .
Conclusion
The reagent solution of b % sodium salicylate with 0.03 %. 
sodium nitroprusside has been used with success on the Vickers 
production model exported to the United States (Bevill,1971)• 
However, because of the mechanical development mentioned 
above, there seems to be no advantage in changing from the 
better known phenol reagent. The phenolic method is there­
fore, described in Appendix. 3? the sensitivity being reduced 
somewhat by measuring the absorbance between 5^0 and 5&0 nm 
instead of at the maximum of 630 nm. ■
More recent investigations showing a suppression of indophenol 
formation by certain buffer solutions described in Section 
2.2.3, suggest an alternative approach to desensitizing the 
method should this be required.
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Machine development
The problems arising from the growing workload in clinical 
chemistry^ which prompted this work, have -been detailed in the 
general introduction. During the seven years of development 
of the Vickers machine, a -wide variety of discrete analysers 
have appeared~on the market. Many of these systems seem to 
have been developed without any real attempt to discover the 
actual needs of the clinical .laboratory and. without a. real- 
understanding of the small-scale chemical engineering wb. ich 
is required for a successful development.
Experience with'the development of the Vickers machine (Section 
.1) revealed a logical sequence of events, which} applied to any 
similar project should ensure the ultimate successful 
manufacture of the equipment.
The stages may be enumerated as follows : ,
1. Recognition of the need for an analytical system.
2. Formulation of ideas for the contraction of the system.
3. Construction of a Mtest-rigM to test the concept.
Commercial interest- prototype production.
5. Tests of prototype.
6. Modifications to the prototype and/or production of a 
second prototype.
7. Further tests.
8. Pre-production model.
9. Further tests.
10. Establishment of a production line.
11. User evaluation.
It is important from the start,to decide the requirements for 
the machine. The needs will depend on a number of factors 
which will vary from laboratory to laboratory. Consideration 
must be given to the following :
1. The size of the workload to be handled.
2. The range of tests involved.
3. The nature of the tests :
a. "hot tests'1. These are the tests which require high­
speed handling because the results are required within/ 
minutes, for urgent diagnosis or control of therapy.
These tests are usually handled singly.
b. "routine tests". These tests form the bulk of the 
workload in most hospital departments of biochemistry.
The results are required within the same working day.
The numberr: of requests for these tests may be great 
and the range may extend to twenty, or more, different 
analyses.
c. "cold tests". These are the tests which do not require 
a daily turnover. They may be many, or few,- in number 
and do not necessarily require a high degree of technical 
skill-for their performance.
d. "reference tests".. These are tests which require such
a high degree of technical skill or special interpretive 
knowledge, that only a few laboratories are capable of . 
carrying them out. The demand for these tests in any 
particular hospital locality may be low,but because of 
the reference aspect of this work, the cumulative 
demand, at the reference centers may be great.
The failure of a number of analytical devices, which have 
appeared on the market, has been in some measure due to the 
failure of the manufacturers to fully appreciate the problems 
with which they were faced. In some cases attempts have been 
made to satisfy too wide a range of requirements, resulting in 
a product which fills-none of them to satisfaction. This need 
not be solely the fault of the manufacturer but may arise as 
a result of a communications barrier between him and the bench- 
worker, on whom he is counting for advice. The manufacturer 
inevitably puts his own interpretation on the progenitor’s 
views and concepts. A primary development by the manufacturer 
is, as a result of this, unlikely to adequately fill the need. 
It is therefore better that primary development, no matter how 
crude, is carried out by the originator of the concept.
Almost every major advance which has involved original thought 
has come. from the ’working scientist who conceived of a device 
to fill his own need (e.g Gas chromatography, Martin and James; 
Mass spectrography, Thompson and Aston; and Polarography,
He ye ro v sky and Shikata).
The next essential after the involvement of the manufacturer 
is to ensure close co-operation between the research and 
development team and the person, or persons, who have done the 
primary work. In the case of a chemical analysis machine, 
it is imperative to ensure that the manufacturer never loses 
sight of the fact that the sole raison de’etre for the machine 
is to perform chemical analysis.
This approach should ensure a suitable commercial prototype 
which, only after being subjected to rigorous tests for 
mechanical reliability, should be released for field trials.
An automatic system is made up of a number of component units, 
each contributing its own error to the system as a whole.
In a field trial it is important to determine the efficiency 
of each individual part so that corrections may be made to those 
parts functioning below an acceptable standard.' For this 
purpose it may be necessary to devise tests involving special 
techniques, not usually associated with the chemical assays, 
for which the machine was constructed.
In the case of the Vickers analyser, methods had to be devised 
for this purposethese are fully discussed in Section 1.2.2. 
The approach to testing suggested by Broughton el/ aJL. (1969) 
should be regarded as a scheme for use by those workers directly 
implicated in the devlopment. It is much too ponderous and 
time consuming for general application by laboratory workers 
to assess the function of a manufactured machine in order to 
evaluate its capacity to meet their needs.
A much simpler approach, which should fill this last requirement 
without introducing special techniques, is an extension of that 
used for the evaluation of the "bicarbonate" method (Section 
3,5)* Linearity, precision, carry-over and correlation with a 
references method,, may be tested in a single batch in the 
following manner :
The machine should be standardised with a series of standard 
solutions sampled in order of increasing concentration, and 
with a range to include expected pathological levels of the 
substance to be analysed. The standards should be followed 
by a number of samples (say 20) from a batch of well-mixed 
pooled serum. The remaining samples should be made up from, 
the same batch of pooled serum and from a random selection of
different sera to be assayed, also by a reference method.
The latter sera and the pooled serum samples, should be position 
alternately on the sampler rotor. In this way, linearity of
the method may be checked from the standard plot.. Precision
may be calculated from the first batch of pooled serum; 
carry-over may be calculated from the effect of the "random1* 
sera on the immediately following pooled serum (according to 
the formula of Broughton et al. 1969)5 the coefficient of 
linear correlation with the reference method, may be calculated 
from the values obtained for each "random" sample by both the 
analyser under test and the reference method.
It should be remembered that the sampler-diluter head of the 
Vickers analyser has two sample probes, each making an 
independant contribution to carry-over. As far as this 
machine is concerned, therefore, the test described above 
should be carried out with alternate paired, instead of single 
samples.
Moving from general terms to specific terms, our own experience 
led to the formulation of certain principles which were the 
guide lines for the development of the Vickers-300 machines. 
These are listed here since they, will have general as well as 
specific application.
1.. Syringes.
All syringes should have chemically inert, freely moving,'water­
tight and gas-tight plungers of a material, the surface of which 
will not allow crystalline deposits to key onto them. Teflon 
appeared to be ideal for this purpose. However, this material 
has such a large coefficient of thermal expansion, that the 
pistons leaked whenever the temperature fell. This was over­
come by machining a skirt onto each piston, which was held 
in even contact with the glass wall of the syringe by means of 
a neoprene "0" ring, the compression of which was regulated 
by a locking nut (Fig 1.9)* A further feature of the syringe 
system shown in the same diagram, is the double-non-return
valve on both the inlet and outlet side arras. This prevents 
the intermittent "leak-back" of fluid due to the occasional 
unseating of the single disc-type glass valve, as used in the. 
"Zippette" (Fig l.l). The rod-shaped valves (Fig 1.9) 
designed and manufactured by A. Hoare (A.W.Dixon and Co), 
behave more reliably and leave the minimum of dead-space in the 
side arms. 'Threaded unions for secure leak-free connection of 
the reagent transmission tubing to the syringes have been 
introduced into the most recent production models, Riley (1969)* 
Because of errors due to the occasional incomplete return of the 
syringe pistons in the laboratory prototype, due to increased 
friction caused by crystalline deposits from the reagents, it 
was considered essential that there should be. positive drive of 
the plunger in each direction.
2* Probe material.
Several factors may combine to contribute to the difference 
in probe performance, such as the material of; construction 
the surface finish, its cleanliness and the area of surface in 
contact with sample and diluent.
Probe material of teflon has been shown (Section 1.3.1) to give 
the least carry-over error and was therefore recommended for all 
reagent lines. In order to provide sufficient rigidity, and 
at the same time keep the area of contact with the- sample to a 
minimum, fine tips were drawn onto the probe ends after heating 
the teflon tube. In the production model, to ensure greater 
reproducibility of the tip, this has been achieved by making 
tips of small diameter teflon tubing and inserting these into 
the ends of the larger bore probes.
3. Evaporation of sample.
This has, not surprisingly, been shown (Section 1.2.2) to 
affect the results of analyses. This should not be a problem 
in the multichannel machine since :
(a) the sample vial is sealed after introduction of the 
blood and remains so until the plasma is diluted ready 
for testing.
(b) the diluted sample occupies a volume of 10.0 ml so that 
relatively massive evaporation would be necessary to 
cause a significant change in concentration.
(c) the rate of analysis is such that the diluted sample is 
exposed to the atmosphere for- a maximum period of only 
2 minutes.
For the dual machine, subsequently developed from the original 
single channel, if undiluted samples are to be used, it would 
be desirable to provide a perspex cover on the sample distribute 
k . Tube laundry.
Water droplets remaining on the sides of the reaction tubes 
were sufficient in volume to contribute to the variation of 
results. - Final drying of the tubes.using low-boiling water- 
miscible solvents, followed by an air jet, would affect the-' 
temperature control. As an interim measure, the water droplet 
were removed manually by a sponge attached to a' swab stick.
In the Vickers production models, there is a bullet-like plunger 
machined to fit the reaction tubes to /very close-.tolerance 
(Riley, 1968) and through which suction is applied. As the 
"bullet" (Fig 1.10) passes down each of the tubes the water 
droplets are sucked from the walls to the hole in the centre of 
the face of. the "bullet" and up the vacuum tube to waste.
To break the vacuum as the "bullet” reaches the bottom of the 
reaction tube a groove is cut into its face as an air leak.
The tests carried out to determine the efficacy of this means 
of water removal, are described in Section. - 1.3.3 . v on 
experiments with the single-channel Vickers prototype analyser.
5. Heating.
Although providing a relatively simple and efficient means of 
controlling temperature,water baths have certain disadvantages 
in that circulation is necessary to avoid local variation in 
temperature, problems arise with evaporation and there is the 
need to provide adequate anti-leakage seals. To avoid such 
problems it was recommended that a heated aluminium rotor with
thermostat, be used with reaction cavities drilled in its surface
\
To withstand attack by chemical reagents the cavities require 
a lining of chemically inert material of high thermal 
conductivity. The most suitable material appeared to be 
vitreous carbon and polypropylene both of which withstand attack 
by strong concentrated acids and alkalies. Although the 
thermal conductivity of vitreous carbon is much greater than . 
that of polypropylene (Section l o A )  its use had to be 
abandoned because of the difficulties in manufacturing the 
tubes to a fine enough tolerance. In the current production 
models thin-walled polypropylene tubes are used.
6. Mixing.
To avoid the need for mixing paddles or similar devices which 
are potential sources of carry-over, it was decided to use the 
effects of turbulence caused by the force of the reagent j e t s  
and convection, currents set up as the liquid heated.
As a coda to the above remarks, it is not possible to better 
the statements made in "A status report"by the Automation in 
the Medical Laboratory Sciences.Review Committee (1971j'
DHEVJ.Publication No (NIH) 72-lb-5) :
(i
It is impossible to devise guidelines for an analytical
machine that would be applicable to every situation in the
clinical laboratory. Nonetheless, it is possible to indicate
certain essential characteristics of an analytical instrument
for clinical laboratory use. , The machine should be able to
provide accurate and reproducible results, high volume capacity
with a short delay time between sample entry and result, an
accurate determination withuthe smallest possible sample, and
u
a means of introducing emergency specimens into the system.
i
At the present time, .many new instruments designed for the
clinical laboratory have been inadequately field-tested before
• u
being placed on the market.
"There is no doubt that more careful studies of prototypes, 
eventually would provide more accurate laboratory determinations 
and decreased frustration for laboratory personnel.
Creatinine
The penultimate section of the general discussion deals with 
the adaption of existing methods to the machine. Where, however, 
a suitable method does not exist and must be developed de 
nouveau (as in the case of creatinine) the problem is of much 
greater magnitude. The practical aspects of this are described 
at length in S’ection 2. The mechanisms involved in the 
reaction are still not understood. The following views are 
'however,' in good currency at,the present moment.
Serum creatinine is almost universally estimated by means of..-, 
the Jaffe reaction. At first this would appear to be unsuitable 
for use with the Vickers MC 300, because if is influenced by 
the presence of protein (Abderhalden and Komm, 192b-; Scandrett, 
I960).
A.ttempts -were made to overcome this problem with the use of 
specific creatinine metabolising enzymes of bacterial origin 
followed by a protein tolerant colour reaction of one of the 
degradation products. This approach was abandoned for reasons 
already discussed (under results and discussion, 2 .2 .1 ; 2 .2 .2 ;- 
2.2.3).
Following these experiments it was discovered that the addition 
of alkaline picrate reagent to a dilution of' serum caused no 
protein precipitation.
Measurement of the rate of subsequent colour development was 
used by Cook f (1971) and later Fabiny and Ertingshausen,(1971) 
as the basis for a method of creatinine assay in the presence 
of protein. Bartels and Cikes,(1969) and Bartels and Bohmar; 
(1971) used a‘similar approach to measure the creatinine content
of protein free filtrates, the latter workers'making preliminary 
mention of its application to protein containing: solution.
The reaction was shown to obey first order kinetics (Hunter 
and Campbell, 1917- 5 Richter, 19b-5). This was confirmed in 
the present, work (Fig 2.16) and also by Bartels and dikes (1969) 
who found that the rate constant varied with sodium hydroxide 
and picric acid concentrations but was virtually independent 
of creatinine concentration. This has been confirmed in Table 
2.2b- a (Section 2.3*3)*
In spite of the wide use of the Jaffe* reaction for the estimation 
of creatinine the nature of the coloured compound has not yet beer 
unequivocally determined. For this reason the varied behaviour 
of the red colour with reaction conditions end the mechanism of 
interference of substances known to influence it has been the 
subject of much investigation.
From the work of Greenwald (192b-) there appear to be two distinct 
phases to the reaction. During the first, when colour 
development is taking place, quantitative recovery.of picric 
acid was always possible. The second phase (after a period 
of about 30 min) was marked by measurable: colour fade and the ■ 
inability to achieve quantitative picric acid recovery.
Van Pilsum et al. (1956) using identical reagents but longer 
times and higher temperatures, noted the formation of methyl 
guanidine and reduced picric acid amongst the products.
Greenwald (1925) using substituted creatinine compounds, 
showed that the red colour developing in the first, phase 
of the reaction occurred only when the creatinine molecule 
was free to form its enol tautomer.. He proposed that two forms 
of creatinine picrate complex existed,.a yellow keto tautomer 
at acid pH; and a red enol tautomer at alkaline pH.
o
H— C— OH7* c\ i /
H~c c — W— 0— H \\—  r  v || Ted  t£LuArower
\ __ /  o \ k _ C H
This theory explains the behaviour of the Jaffe reaction with; 
respect to pH. However.the proposed formula cannot readily 
be adapted to illustrate the structure of a complex of lower 
colour intensity isolated by Greenwald (1928 a and b) and 
containing two molecules of creatinine to one of picric acid, 
three- of sodium hydroxide and three of water.
Anslow and King (1929) studying the reactions of red creatinine 
picrate showed that it behaved as-a dibasic acid and proposed 
a formula showing complex formation through a picric acid nitro 
group and the creatinine enolic group.
This structure fully recognises the part played by tautomer-ism 
in colour production and additionally provides a mechanism by 
which, through the remaining nitro groups, union with at least 
one more creatinine molecule is possible.
beeiig ; {±yby) developed the arguments cf Anslow and King 
stating that at the high pH of the Jaffe reaction, creatinine 
v;ill no longer have basic properties and will lose a proton 
to become anionic. The keto enol tautomers are represented as 
being in equilibrium with their common anion.
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Under the same pH conditions Seelig.; postulated that picric 
acid would undergo mesomeric rearrangement to form a resonance 
hybrid with positively charged nitrogen atoms providing active 
centres for creatinine anion bonding. The formula proposed 
allows the possibility of not only mono and di but tri creatinine 
picrates.
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When solutions of high creatinine concentration are treated 
with Jaffe reagent/^ , rapid intense colour development takes 
place. This.is followed by an equally rapid colour fade.
hlON
Seelig (1969) suggested that this was due to the initial 
formation of a highly coloured mono creatinine picrate complex 
which slowly gives rise to a dicreatinine complex with a lower 
absorbance-.
Although this is a reasonable theory for the mechanism of colour 
fade, at high creatinine levels it does not explain the 
phenomenon in the usual assay situation where picric acid is 
in excess. Neither does it explain the failure to fully 
recover picric acid after colour-fade has started. Furthermore, 
in NMR measurements of the red complex, Fabiny and Ertingshausen 
showed a 1 • 1 creatinine to picric acid ratio.
Bartels and Cikes, (19&9) finding that the concentration of 
sodium hydroxide or picric acid affected the rate constant 
suggested -a two-stage reaction for creatinine picrate complex 
formation. The first stage being the formation of an 
intermediate product of picric acid and sodium hydroxide and the 
second the combination of that product with creatinine or other 
chromogens, to form a red complex. Because of the low 
activation energy of the reaction those workers argued that 
the colour development was due to the formation of a charge 
transfer complex with creatinine as donor a^d picric acid with 
its electron deficient ring, as the acceptor. A further 
feature of the reaction, xHiich is typical of charge transfer 
or pi complexes, is that the absorption maxima of both reactants 
(creatinine, 235 nm and picric acid, 355 nrn) are lower than 
that of the product (*+90 nm). The evidence therefore, suggests 
that the colour development of the Jaffe reaction is due to the 
formation of a complex consisting of 1 molecule of creatinine 
to 1 of picrate and that in situations of creatinine excess a 
dicreatinine complex of lower absorbance develops.
The same mechanism of complex formation almost certainly obtains 
fo-r other Jaffe" reacting ' substances. The rate and extent of 
colour formation and the influence of these substances 
on the reaction between creatinine and alkaline picrate varying 
with their nature and concentration. Ethyl acetoacetate 
appears to react instantaneously with alkaline picrate. In 
high concentrations it measurably reduces the rate of creatinine 
picrate colour formation. The effect is to reduce the 
recovery of creatinine measured kinetically. This has already
been discussed .in section 2.
The colour fade in the second phase of a typical creatinine 
assay in the presence of an excess of picrate molecules cannot 
logically be explained by dicreatinine picrate formation.
From the work of Van Pilsum.et al. (1956) mentioned earlier 
in this discussion, it appears that reduction of picric acid 
takes place and methyl guanidine forms as a result of the 
reaction. Creatinine has been demonstrated as a mild reducing 
agent by its reaction with alkaline copper salts (Hunter, 1928). 
It.is reasonable to propose therefore that reduction of picrate 
by creatinine occurs in alkaline solution, secondary, to the 
formation of the creatine picrate complex. '
The reducing power of creatinine is small compared with that of 
glucose and other substances, such as ascorbic acid. It is 
to be expected, therefore, that these substances present in 
plasma will interfere with the Jaffe reaction by reducing picric 
to picramic acid. Fortunately even with glucose, the reaction 
is initially slow and only at elevated temperatures or in very 
high concentration, does it influence the rate of creatinine 
picrate formation. This has been discussed in Section 2.3.*+.
Analytical Methods
It has already been emphasized that the development of an 
analytical machine, and chemistry should proceed simultaneously. 
However, the construction of such a machine could not have 
been contemplated had it not been for the prior existence' of 
a useful nucleus of methods not requiring protein precipitation.
The third section of this thesis illustrates some of the problems 
involved in tailoring existing methods for mechanical handling. 
The design of the machine places constraints on the methodology 
which as a result may require considerable modification. A 
typical example of this is given in the method for inorganic 
phosphorus (3.11 ) assay where turbidity is reduced by replacing 
sulphuric' acid with perchloric acid and reducing the ammonium 
molybdate concentration. The addition of the sulphite/ 
carbonate reagent in two successive jets ensures dispersal of 
any aggregates of solid material which may occur. The converse 
of this was experienced with the urea method (3.13) when after 
attempting the chemical reduction of its sensitivity it was found 
more suitable to achieve this mechanically by the introduction 
of smaller sample syringes and shorter light path colorimeter 
cells. In developing these methods It was found useful to have 
calculated expected precisions derived from the performance of 
individual components.which could each affect the analytical 
precision of the methods under development. It was remarkable 
how close experimental values approached these figures once a ' 
method was working satisfactorily.
Some of the chemical methods described in this work were developed 
on .prototype equipment which was prone to frequent mechanical 
breakdown. This prevented, in some cases, a proper evaluation 
of the method. The aim, however, was to test the feasibility
of as many methods as possible, so that an estimate could be 
made of the likely range of routine tests suitable -for machine 
use. •
Even with .the mechanically unsound machines, satisfactory, if 
incomplete, results were achieved with most methods. With the. 
increased mechanical reliability of the production models of 
the Vickers analyser and with the fitting of an improved 
(Mk IV) colorimeter, a very high standard of analytical precision 
is now being achieved. .
As well as providing a general improvement to the standard of 
colorimetric performance, the (Mk IV) colorimeter has made 
possible the measurement of NADH^ absorbance in the ultraviolet 
region of the spectrum. This, coupled with the kinetic 
approach described for creatinine (Section 2.3.6) makes possible 
the more direct measurement of enzymic activity. For this 
reason it is unlikely that' the less desirable colorimetric 
techniques will be used for the assay of aspartate transaminase 
(Section 3**+) and LDH (Section 3*10).
The measurement of enzymes by the Vickers machine requires a 
special mention, because of the changes in temperature which 
occur after the addition of a reagent. King;(1972) quotes 
no less than nine different temperatures (ranging from 25 to 
*+5°C) which have been recommended for enzyme assays. The 
plea is made by both Roth^(1971) and King^ (1972) for 
standardisation oh a temperature of 37°C, at 'which a high 
enzymic activity may be expected.
In section 1.3•*+ attention was drawn to the fact that the plot 
of temperature against time, for a reagent mixture in a reaction 
cavity, is asymptotic. This means that the use of isothermal 
states for the measurement of enzymic activity is not possible
with the Vickers - 300 system. This imposes the need to take 
a global approach'to. the amount of heat supplied throughout the 
entire enzymic reation (Riley, 1970). There are theoretical 
objections to this approach in that different iso-enzymes respond 
differently to changes of temperature. It must, however, 
be stressedqthat these objections are theoretical. When viewed 
against the background of serious disagreement in the results 
of different laboratories using the same equipment and reagents, 
it must be accepted that the’objections are of little practical 
significance.
Past, Present and Future of the Clinical Chemistry Laboratory
The need for the traditional manual assays, requiring protein 
precipitation, was reduced by the introduction into the routine 
laboratory of the Auto-Analyzer. This s'ytem makes use of 
'similar methods but separates the substances pf interest from 
protein, by dialysis. Due to the increasing workload and the* 
high cost of continuous-flow equipment, clinical biochemists 
were driven to develop work-simplified methods of assay which 
could he carried out in the,presence of protein. This rendered 
viable the concept of discrete analysers. Earliest in this 
field appear to have been the "Robot Chemist" and the system 
developed by C. Riley. It is difficult to be certain which, 
has the prior claim but a provisional patent on what was to 
become the Vickers - 300 antidates the "Robot Chemist" by two 
months. In different societies where technology is at. a high 
level similar advances will tend to occur simultaneously.
S'now has drawn attention to this in his essays on Science and 
Government.
It has been argued by many theoreticians, both administrators 
and scientists alike, that in order to exploit the high capacity 
of the Vickers machine, centralisation of work from a much 
larger area and well-population screening,, should be considered. 
Whilst there are no doubt cogent arguments in support of 
centralisation, and whilst well-population screening has its 
proponents, it should be emphasized that the motivation for the 
development of a high speed analytical system was the desire to 
dispense with repetitive routine work quickly and efficiently; 
in this way, leaving the laboratory staff free to carry out 
more esoteric work.
There appears to be anxiety in some quarters that mechanisation 
■will render laboratory work unattractive by depriving technical 
staff of job interest. Sir Leon Bagrit in his R'eith lectures 
of 196^, discussed this question in connection with large 
scale, full automation, in industry. He defined, automation 
as a system of full mechanisation with automatic control by 
feed-back. He pointed out that it was not full automation 
which is soul destroying, to the workers, but mechanisation 
in which the worker is involved-as one cog in the machine.
D .W.Neill in a report to the A.C.B. Study Group in Automation, 
stated that he had had difficulty in inducing his laboratory • 
staff to accept the "Analmatic System11 (Baird and Tatlock Ltd) 
for this very reason. It follows then that the closer an 
analytical machine can approach automation, as' defined by.
Bagrit, the more readily will it be accepted and the greater 
will be the satsifaction of the staff involved in its operation. 
The present situation is only partially satisfactory. Common 
everyday routine work can be largely catered for by existing 
machines but there are one or two areas where the situation 
is still poor. There is no machine capable of dealing with 
offensive analyses, such as faecal fat determinations and 
although machines have been designed for steroid determination 
none of them can be regarded as really satisfactory.■ Machines, 
on the whole, do not cater well for paediatric workT since 
sample requirements are usually too large. The test required 
in emergency still provides a problem since it is not economic 
to keep large machines (like the Vickers - 300) at stand-by, 
and it is generally inconvenient, or undesirable, to insert 
an urgent specimen when they are actually running.
It is clear therefore, that there are immediate future needs 
and perhaps the most urgent of these is the provision of 
systems for emergency work.
Emergency work appears to be growing at an even faster rate 
than is the general workload, and the day when there will be 
insufficient-skilled staff to cope with this load, is already 
in sight . There is urgent need for a system which will • 
perform single analyses quickly, which can remain on stand-by 
indefinitely and which can be operated by unskilled staff.
If this could be made sufficiently cheaply it could be installed 
in hospitals unable to provide an out-of-hours laboratory 
cover, thereby over-coming a transport bottleneck and also 
easing the increasingly difficult task of running an emergency 
service. Even within the larger hospitals with full laboratory 
service, it may be advantageous to the patient if this type of 
equipment were installed in high activity wards. This should 
not be seen as a threat to the position and powTer of the 
laboratory. The laboratory .'would be responsible for the 
maintenance of this equipment and must be in control of its 
precision. .
Since this would enable the laboratory to survive one more 
crisis it should be the direction in which we are making 
our maximum effort at the moment.
Appendix 1
The laboratory-prototype-discrete-analyser
The discrete-analyser was constructed with the basic 
components of sample plate, sampler-diluter, reaction rotor, 
reagent dispensers, colorimeter and recorder as shown in 
Fig 3 in the general introduction.
Fig A.l General view of the laboratory-prototype-discrete- 
analyser
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Description (Fig A.l and A.2)
During operation samples are transferred from the cups in the 
sampler plate (l) to the reaction rotor (2).
The temperature of the water bath (3) in which the reaction 
tubes are immersed, is controlled by means of a "Techne 
Tempunit'* (b) which is responsible for heating and circulation 
of the water.
Diluent is metered from the reservoir ’(?) by means of a 
syringe (6) and reagents are added by means of "Zippette" 
dispensers (7) which are operated by compressed air.
Colour develops during the period in which the rotor is 
indexing round. The absorbance of the reaction mixture 
is measured using a -Linson Junior colorimeter (8), the output 
of which is displayed on a millivolt chart recorder (9).
The filling and emptying of the flow cell (10) of the colorime' 
is achieved by vacuum, controlled by a solenoid valve 
(11 photograph 2), The probe (12) used to transfer coloured 
solution from the reaction tube to the colorimeter is mounted 
on a crosshead (13) the vertical linear motion of which is 
provided by a crank (1*+) driven by a small, synchronous, 
geared, motor.(15)• -
After colorimetry the tubes are prepared for a further 
reaction cycle by washing with water. This is injected by 
a pneumatically operated "Zippette” system (1 6) through three 
fine jets (17) and removed by vacuum through probes (18) 
attached to the crosshead (13).
The indexing of both sample and reaction rotors and the timing 
sequence is controlled by a series of gears and cams driven by 
a motor (19)«
F i g  A .  2 A c l o s e  up v i e w  o f  t h e  sample  and r e a c t i o n  r o t o r s  
o f  t h e  l a b o r a t o r y - p r o t o t y p e - a n a l y s e r
i i  it
it 10
A p p e n d i x  2
Vickers prototype and production versions of the discrete- 
analyser.
Fig A.3 The first of a series of commercial prototype
discrete-analysers produced by Vickers Medical Ltd.
D e s c r i p t i o n .  F i r s t  p r o t o t y p e  s i n g l e - c h a n n e l  d i s c r e t e -  
a n a l y s e r  ( V i c k e r s  M e d i c a l  L t d ,  F i g  A . 3)
On t h e  same p r i n c i p l e  as t h e  l a b c r a t o r y - p r o t o t y p e , sam p les  
f r o m  cups  on th e  s a m p le r  p l a t e  ( l )  a re  t r a n s f e r r e d  t o  t h e  
r e a c t i o n  c a v i t i e s  i n  t h e  r o t o r  ( 2 )  by means o f  tw o  s i n g l e  
p ro b e s  (3 ). These a r e  mounted a t  18 0°  t o  each  o t h e r  on th e  
r o t a t i n g  p o r t i o n  o f  t h e  s a m p l e r - d i l u t e r  head (*+).  T h i s  
a r r a n g e m e n t  a l l o w s  one o f  t h e  p ro b e s  t o  p i c k  up a sample  
w h i l s t  t h e  o t h e r  d e l i v e r s  th e  p r e v i o u s  sa m p le ,  t o g e t h e r  w i t h
diluent, into one of the reaction cavities. Sample and 
diluent volumes are measured by syringes which are housed 
in the cabinet (5). Reagents are added'through'probes'which., 
are supported by pillars clamped to the casing by.magnetic 
bases (6). Coloured solution is transferred from the reaction 
rotor to the colorimeter (9) by means of the dipping probe 
(7). The tubes are washed by the tube laundry (8) in 
preparation for the next cycle. Vacuum for filling the flow 
cell of the colorimeter (9) and removing washing water froni 
the reaction tubes is provided by the diaphragm pump (10).
production mode1)
F i r s t  p r o d u c t i o n  mode l  ( V i c k e r s  D -3 0 0 )  ( F i g  a A  and A . 5)
F i g  A A  shows th e  r e a c t i o n  c o n s o l e  ( l )  t h e  r o t o r  ( 2 )  o f  w h i c h  
has  two  c o n c e n t r i c  r i n g s  o f  r e a c t i o n  t u b e s .  These a l l o w  t h e  
s i m u l t a n e o u s  r e a c t i o n  o f  tw o  d i f f e r e n t  t e s t s , o r  a t e s t  and a 
b l a n k .  S i x  r e a g e n t  p ro b e s  a r e  mounted c e n t r a l l y  ( 3 )  u n d e r  
t h e  p a i r  o f  c o l o r i m e t e r s  A ) .  The s a m p l e r - d i l u t e r  ( 5 )  has 
tw o  s e t s  o f  t w i n  p ro b e s  s e t  a t  l 3 0 °  t o  each o t h e r .  Samples 
a r e  f e d  f r o m  th e  s a m p le r  p l a t e .  ( 6 )  a t  a f r e q u e n c y  d e t e r m in e d
by the setting o f  the t i m e r  (7;. The output o f  the c o l o r i m e t e r  
i s  d i s p l a y e d  on a d i g i t a l  v o l t m e t e r  ( 8 )  w h i c h  is c o n n e c te d  
t o  a p r i n t e r  ( 9 ) .  B e n e a th  t h e  d i g i t a l  v o l t m e t e r  i s  a s w i t c h  
( 1 0 )  used t o  s e l e c t  t h e  c h a n n e l  i n  o p e r a t i o n  and h e l i p o t s  (1 1 ),, 
t o  a l l o w  a t t e n u a t i o n  o f  t h e  s i g n a l  so t h a t  t h e  r e s u l t s  a re  
p r i n t e d  d i r e c t l y  i n  t h e  u n i t s  o f  t h e  p a r t i c u l a r  t e s t .
F i g  A . 5 shows t h e  i n t e r i o r  o f  t h e  r e a c t i o n  c o n s o le  o f  t h e  
V i c k e r s  D -3 0 0 .  The s y r i n g e s  1 t o  10 a re  o p e r a t e d  p o s i t i v e l y  
on b o th  f i l l i n g  and e m p t y in g  s t r o k e  by  t h e  c a m s h a f t  ( 1 1 ) .
R e a g e n ts  a re  d i s p e n s e d  by  s y r i n g e s  1 t o  6 and d i l u e n t  by  
s y r i n g e s  7 and 8 5 f r o m  c o n t a i n e r s  (1 2 )  housed w i t h i n  th e  c a b i n e t .  
Sample vo lum es  a r e  d e t e r m in e d  by t h e  s e t t i n g  o f  s y r i n g e s  9 
and 1 0 .
F i g  A . 9 I n t e r i o r  o f  t h e  c a b i n e t  o f  t h e  r e a c t i o n  c o n s o l e  o f
t h e  V i c k e r s  D -3 0 0 .
Fine  c o n tro l  o f  the vacuum to  the flow  c e l ls  o f  the c o lo r im e te rs  
i s  made by. a d ju s t in g  va lves  (13 and ik). E l e c t r i c a l  supply  
to  the instrum ent is  made through the 115 v o l t  step down 
t ra n s fo rm e r  ( 1 5 ) .  O f f  l i n e  c o n tr o l  o f  the sequence o f  
o p e ra t io n s  o f  the machine may be achieved by using the over­
r id e  sw itch  (1 6 ) and index ing  bu tton  ( 1 7 ) .  Th is  a llo w s  
ad justm ents  to  be made w h i ls t  the machine is  s t a t io n a r y  but 
not in  the datum p o s i t io n .
Appendix .3 
General Comments
1. The chemical methods detailed in this section were 
developed on single or twin channel machines.
2. In each method an aqueous 1 in 5 dilution of plasma or 
standard is used. This ensures standardization of methodology 
for single and multichannel machines as in the. latter a 
preliminary 1 in 5 dilution of sample is made prior to its 
distribution to the reaction consoles.
3. Mixing depends on two factors: the first, turbulance
caused by the velocity of the jet during reagent addition; 
the second, convection currents caused by heating. To ensure 
efficient jet mixing whilst at the same time avoiding significant 
frothing of the serum - (a) a volume of reagent should be . 
added which is approximately equal to,or greater than, that 
alreadylin:thel.reaction'.tube • (b) the jet should be directed 
against the wall of the reaction tube and not directly into the 
body of fluid contained therein.
*+. . The final volume of fluid in the reaction cavity should ’
be no less than 3*2 ml so that the colorimeter flow cell fills
properly, and no greater than 3.8 ml. The latter limit i& 
imposed because poor mixing is obtained if the ratio of height 
to diameter of the column of fluid exceeds 5.1.
5. The order of addition of the reagents will be expressed .
as the numerical .positions on the rotor N°60 being in position 
under the sampler.(Fig A6)
6. Filling the colorimeter cell to the correct level is 
achieved by adjusting the fine ; vacuum controls in the cabinet 
of the reaction console (Appendix 2. Fig A5) so that the tail 
of the column of coloured fluid can still be seen in the 
sampling tube.
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The following conditions apply to all reactions unless 
otherwise stated.
1. Preliminary 1 in 5 sample dilution.-
2. Analysis rate 300 samples/hour
3. Rotor temperature 37°0 ‘
The following method sheets are reproduced in a standard 
format designed to provide concise instructions for the 
operator.
Albumin
Bromocresol green (BCG) ■ •
Dissolve 0.^32 g of water-soluble bromocresol green (British 
Drug Houses) in 1 litre of demineralised water (when diluted 
1 in 50 with 0.01 M NaOH. the solution should give an 
absorbance of 0,51-0.5 in 1 cm cuvette at 6l5 nm).
P h o s p h a te /c i t r ic  ac id  b u f f e r  (0 .0 5  M pH 3 . 8 )
Dissolve 1*4-. 9 g of disodium hydrogen phosphate (anhydrous)
and 20.0 g of citric acid in demineralised water and dilute
with water to litres.
Working reagent
Make a 1 in 10 dilution of BCG in buffer solution, i.e *4-00.0 ml 
BCG + 3,600.0 ml buffer solution pH 3.8
Should the check absorbance of the BCG solution differ from
0.51 adjust the dilution accordingly.
Example : absorbance = O.k
volume of BCG solution required '= 0.51 ^ }+Q0 _ ^
o75-
Add 510 ml dye to 3^90 ml buffer solution.
To the working reagent add Triton X-100 to give a final 
concentration of 0.2 % - mix thoroughly.
Standards
A serial dilution of human albumin solution.or bovine albumin 
solutions calibrated against a human albumin standard.
Method
Rotor temperature ambient
Sample blank not required
Filter 6hQ nm
Reagent Syringe N° 
and colour^
Syringe
setting
(m l)
Rotor Position
inner outer
Sample
BCG working 
reagent
BCG working 
reagent
Colorimeter
9 (w h ite )  0 .0 5
7 ‘(p u rp le )  1 .7
6 (b lu e ) 1 .7
60
60
50
17
Alkaline Phosphatase
Reagents
Disodium phenyl phosphate
Dissolve 3.175 g of disodium phenyl phosphate dihydrate in 
demineralised water and dilute to 1 litre.
Sodium c a rb o n a te /b ic a rb o n a te  b u f f e r  (pH 10.1*+)
D is s o lv e  7*95 g o f  anhydrous sodium carbonate and *+.2 g o f  
sodium hydrogen carbonate in  d e m in e ra lis e d  w a te r  and d i l u t e  to  
1 l i t r e .
B u f fe r  s u b s tra te  s o lu t io n
M ix s .e q u a l volumes o f  disodium phenyl phosphate and carbonate  
b icarb o n ate  b u f f e r  s o lu t io n s .
B u f fe r  b lank s o lu t io n  -
Mix equal volumes o f  c a rb o n a te /b ic a rb o n a te  b u f f e r  s o lu t io n  
and dem in era lis ed  w a te r .
*+~aminophenazone reagent
D is s o lv e  1 .0  g o f  *+-aminophenazone i n  d e m in e ra lis e d  w a te r  and 
d i l u t e  to  1 l i t r e .
Potassium fe r r ic y a n id e  reagent
D is s o lv e  5*0  g o f  potassium f e r r ic y a n id e  reagent i n  d e m in e ra lis e d  
w a te r  and d i l u t e  to  1 l i t r e .  Add and mix th o ro u g h ly  0 .1  ml 
o f  T r i to n  X -1 0 0 .
Standards
S o lu t io n s  o f  commercial ly o p h y liz e d  serum and pooled sera  
c a l ib r a t e d  a g a in s t  a s e r ie s  o f  phenol standards (Moss, 
Baron, W alker and W ilk in s o n ,  1971)*
Method
Sample b lank  req u ire d  
F i l t e r  510 nm
Reagent Syringe N°
Sample 10 (b la c k )
Sample 9 (w h ite )
B u f fe r  b lank 8 (g re y )
B u f fe r  s u b s tra te  7 (p u rp le )
*+- amino phena zone 6 (b lu e )
5 (g reen)
Potassium b (y e l lo w )
fe r r ic y a n id e
3 (organge)
C o lo r im e te r
Syringe R otor P o s i t io n  
s e t t in g  in n e r  ou ter-
(m l)
0*2 60
0.2 —  60
0 .8*+ 60
0 .8*+ —  60
1.2 —  18
1.2 18
1.2 — - 13 .
1.2 13 — -
___ 10 10
A s p a r ta te  Transaminase (GOT) 
Reagent
B u ffe re d  su b s tra te
T'o 8 0 0 .0  ml o f  d e m in era lis ed  w a te r ,  add ■ s lo w ly  and w ith  m ixing
33*5  g o f  d ipotass ium  hydrogen phosphate (anhydrous) and 1 . 0  g
o f  potassium dihydrogen phosphate (anhydrous). When the
s o lu t io n  is  complete-add 7*05  g o f  L -a s p a 'r t ic  a c id ,  1 .0  g o f
o x o g lu ta r ic  a c id ,  1 .0  g o f  te tra so d iu m  EDTA and 1 .0  g o f  PVP..
Check the  pH using a m eter and i f  necessary a d ju s t  to  pH 7»*+*
D i lu t e  to  1 l i t r e  w i th  d e m in era lis ed  w a te r .  S to re  a t  *f°C but
b r in g  to  room tem perature  be fore  use.
. *
B u f fe r  b lank
in  8 0 0 .0  ml o f  d e m in era lis ed  w ate r  d is s o lv e  3 3 *5  g o f  d ipotass ium  
hydrogen phosphate (anhydrous) and 1 .0  g o f  potassium dihydrogen  
phosphate (anhydrous). Add 1 .0  g o f  c (-o x o g lu ta r ic  a c id ,
1 .0  g o f te traso d ium  EDTA and 1 .0  g o f  PVP. A d ju s t  the pH 
to  7 A  and d i l u t e  to  1 l i t r e  w ith  d e m in era lis ed  w a te r .
S to re  a t  *f°C.
C i t r a t e  b u f f e r
A. 0 .2  M c i t r i c  ac id  (k 2 .0 2  g o f  c i t r i c - ac id  per l i t r e  w a te r )
B. 0 .3  M sodium c i t r a t e  (5 8 .8 2  g o f  sodium c i t r a t e  per l i t r e  
w a te r )
"Working b u f f e r  930 ml A + 7 0 .0  ml B
The pH should be ad ju s ted  to  3 *0  i f  necessary .
Diazonium co up ler
D iss o lv e  ^-.0 g o f  Fast Ponceau L in  1 l i t r e  o f  c i t r a t e  b u f f e r  
pH 3 .0 .  F i l t e r  i f  necessary and s to re  in  a dark  b o t t l e  and 
on ic e  during  use. Make f r e s h ly  each day .
Standards
High a c t i v i t y  commercial standard 'serum w ith  low a c t i v i t y  
standard serum.
Method.
Sample blank required 
Filter *+71 nm*
Reagent Syringe N° 
and colour
Syringe R otor
setting inner
P o s i t io n
oute:
Sample 10 (black)
Sample 9 (white)
Diluent (buffer
blank) 8 (grey)
Diluent (buffer
substrate) 7 (purple)
Diazonium coupler 6 (blue)
Diazonium coupler 5 (green)
Colorimeter
O.k
O.k
1*7
1*7
1*7
1*7
60
60
37
10
60
60
37
10
^ B ic a rb o n a te" •
Reag e n ts
B u ffe re d  in d ic a to r
D iss o lv e  e x a c t ly  0 .9  g .of anhydrous d ipotass ium  hydrogen  
orthophosphate and 150.0  g o f  urea in  about 300 ml d em in era lis ed  
w a te r .  Warm to  room* tem perature  and add 1 5 .0  mg o f  *+- 
n itro p h e n o l ( 1 ) . ,  T i t r a t e  w ith  M h y d ro c h lo r ic  ac id  (about
5 .0  ml) u n t i l  the c o lo u r  o f  the s o lu t io n  tu rn s  from ye llow  
bo pa le  straw c o lo u r .  F i n a l l y  a d ju s t  to  pH 5*6  using a pH 
m eter. D i lu t e  to  1 l i t r e  w ith  dem in era lis ed  w a te r .
B u f fe r  b lank
D is s o lv e  0 .9  g o f  anhydrous d ipotass ium  hydrogen orthophosphate  
and 150.0  g urea in  about. 800 ml o f  d e m in era lis ed  w a te r .
Warm to  room te m p e ra tu re . Add the volume o f  ac id  necessary to  
a d ju s t  the pH to  5*6  (determ ined above) check w i th  a pH m eter.
Standard
D is s o lv e  sodium carbonate in  d e m in e ra lis e d  w a te r  to  g ive  standards  
o f  5 5 1 0 5 20 , 30 and *+0 m Mole per l i t r e .
C o r re c t io n  fa c t o r  f o r  the c o n d it io n s  described  : plasma
"b ic a rb o n a teu -  mEq/1 = raM carbonate (c a lc u la te d  by re fe re n c e  
to  the sodium b icarbo n ate  standard p lo t )  x 1.83  -  1 0 .6
Method‘
R otor tem perature 25°C 
Sample b lank requ ire d  
F i l t e r  ^00 nm .
Reagent . Syringe N°
and c o lo u r
Sample . 10 (b la c k )
Sample 9 (w h ite )
D i lu e n t  w a te r  8 (g re y )
B u ffe re d  in d ic a to r  6 (b lu e )
B u ffe re d  b lank  5 (g reen)
C o lo r im e te r  -_______
Volume R otor P o s i t io n
(m l) in n e r  o u te r
1.0 60
1.0 - - -  60
1.5 60
2.0 — ~  50
2.0 "  50 
_______ 17 17
B i l i r u b i n  
Reagents  
D iazo  reagent
(a )  S u lp 'h a n il ic  ac id  s o lu t io n  ( 1 % w /v ) .
D is s o lv e  1 0 .0  g o f  s u lp h a n i l ic  ac id  in  about 80 0 .0  ml 
o f  warm d e m in era lis ed  w a te r ,  add 1 5 * 0 'ml concentrated  
h y d ro c h lo r ic  a c id ,  coo l and make up to  1 l i t r e  w ith  
d e m in era lis ed  w a te r .
(b )  Sodium n i t r i t e  s o lu t io n  (0*.5 % w /v )
Dissolve 0.5 g of sodium nitrite in demineralised water and 
make up to 100 ml. Store in a dark bottle at *+°C when 
it is stable for about two weeks.
Working d iazo  reagent
f
M ix the above reagents in  the p ro p o rt io n s  o f  100 p a r ts  (a )  to  
3 r p a r ts  (b ) ju s t  p r io r  to  use. S ta b le  a p p ro x im a te ly  3 ho urs .
B lank reagent
M ix 100 p a rts  o f  reagent (a )  w i th  3 p a r ts  d e m in era lis ed  w a te r .  
A c c e le ra to r
D is s o lv e  bOO.O g u re a , 1 0 0 .0  g sodium a c e ta te .  3H^0 (6 0 .3  g 
anhydrous sodium a c e ta te )  and 50.0  g g ly c in e  in  d e m in e ra lis e d  
w a te r  and make up to  1 l i t r e ' w i t h  d e m in era lis ed  w a te r .  F i l t e r .
A lk a l in e  t a r t r a t e
D is s o lv e  1 0 0 .0  g sodium hydroxide and 3 5 0 .0  g sodium potassium  
t a r t r g t e  in  d e m in era lis ed  w a te r  and d i l u t e  to  1 l i t r e .
Water diluent
Thoroughly mix 1*0 ml Triton X-100 with 1 litre demineralised 
water.
Bilirubin standards
Prepare as instructed'in Section 3*6
Method
Rotor temperature : ambient
Sample blanks : optional
Filter : 600 nm
Reagent Syringe N°
and colour
♦Sample 10 (black) O.k 60
Sample 9 (white) O.k — 6o
♦Accelerator 8 (grey) 1.0 60
Accelerator 7 (purple) 1.0 60
Working diazo 
reagent 6 (blue) 0.3 50
♦Blank reagent 5 (green) 0.3 50
Water/Triton X-100 
diluent (yellow) 0 .7 — . 50
♦Water/Triton X-100 
diluent 3 (orange) 0.7 50 —
Alkaline tartrate 2 (red) 1.5 — 17
♦Alkaline tartrate 1 (brown) . 1.5 17 —
Colorimeter 10 10
* Omit If a plasma-blank is not required
Syringe Rotor Position 
setting Inner outer 
(ml)
Chloride
Reagents
P e rc h lo r ic  ac id  60 % w/w a n a l y t i c a l  grade .•
Urea 50 % w/v:
D is s o lv e  50 0 .0  g o f  urea in  5 0 0 .0  g o f  d e m in era lis ed  w a te r .  
F e r r ic  n i t r a t e  2 M
Dissolve- kO .k g o f  f e r r i c  n i t r a t e  (9H^0) on 2 0 .0  ml o f  
d e m in e ra lis e d  w a te r  and d i l u t e  to  50 .0  ml w i th  d e m in e ra lis e d  
w a te r .
M ercuric  p e rc h lo ra te  0 .2  M
Weigh out *+.33 g o f  m ercuric  oxide ( r e d ) .  Add 1 0 .0  ml o f  60 % 
p e rc h lo r ic  ac id  and warm to  d is s o lv e .  Cool and d i l u t e  to
1 0 0 ,0  ml w ith  d e m in era lis ed  w a te r .
M ercuric  p e rc h lo ra te  0 .0 2  M
D i lu t e  the 0 .2  M s o lu t io n  1 in  10 w i t h  d e m in era lis ed  w a te r .  
Potassium th io d yan ate  0 /  M
D is s o lv e  3 *89 g o f  pure potassium th io c y a n a te  in  d e m in e ra lis e d  
w a te r  and d i l u t e  to  1 0 0 .0  m l.
•M ercuric  c h lo r id e  0 .1  M
D is s o lv e  2 .7 2  g o f  m ercuric c h lro id e  i n  d e m in e ra lis e d  w a te r  
and d i l u t e  to  1 0 0 .0  m l.
iJ OcvliUclX'G G
Sodium c h lo r id e  0 .2 0 0 0  M
Weigh out I I . 69OO g o f  dry  sodium c h lo r id e .  D is s o lv e  in
d e m in e ra lis e d  w ate r  and d i l u t e  to  1 l i t r e . .  From t h i s  s tock ,  
s o lu t io n  prepare s o lu t io n s  c o n ta in in g  r e s p e c t iv e ly  8 0 .0 ,
1 0 0 .0 ,  and 120.0  mEq/1.
C o lour reagent
To 3 5 0 .0  ml o f  50 % urea add 7*5' ml o f  f e r r i c  n i t r a t e  ( 2M) and , 
1 2 .5  ml o f  0.*+ M potassium th io c y a n a te . T i t r a t e  t h i s  s o lu t io n  
from red to  an exact c o lo u r le s s  e n d -p o in t by a d d i t io n  o f  0 .2  
M m ercuric  p e rc h lo ra te  (see n o t e ) .  Add 15*0  ml o f  0 .0 2  M 
m ercuric  p e rc h lo ra te  and 6 .0  ml o f  0 .1  M HgClg.
B lank reagent
Add 0 .3  nil o f  0 .2  M m ercuric  p e rc h lo ra te  to  100 .0  ml c o lo u r  
r e a g e n t .
Method -
Rotor temperature : ambient
Tests  and blanks were performed •
F i l t e r  : V70 nm
Reagent Syringe N° Syringe R otor P o s i t io n
and c o lo u r  s e t t in g  in n e r  o u te r
(m l)
Sample 10 (b la c k ) ■0 .1 5 60
Sample 9 (w h ite ) 0 .1 5 60
D i lu e n t  (b lank  
reag en t) 8 (g re y ) 1.3 60
D i lu e n t  (c o lo u r  
re a g e n t) 7 (p u r p le ) 1.3 —  . 60
P e rc h lo r ic  ac id 607s 6 (b lu e ) 2 .1 50
P e rc h lo r ic  ac id 60% 5 (g re en ) 271 50
C o lo r im e te r ____________  . .. 17 17
Chloride
Note :
In the absence of perchloric acid the end-point of the 
titration with mercuric perchlorate is obscure. It is 
therefore recommended that the titration be carried out in 
two stages s
1. until a pale yellow colour is reached
3. using perchloric acid as an external indicator.
Add 1 drop of the titration mixture to 2 drops
of 60 $ perchloric acid. Continue the titration
until no red colour develops on acidification.
u re at mine
Reagents' ’
B u f fe r  d i lu e n t  (pH 1 1 .0 )
8J+ g o f  Sodium hydrogen carbonate d is so lved  in  2 l i t r e s  o f  
d e m in era lis ed  w ate r  and mixed w ith  9 0 5 .0  ml o f  0 .1  M sodium 
h y d ro x id e .
A lk a l in e  p ic r a te  reagent ( f r e s h ly  prepared)
Mix *+00.0 ml o f  s a tu ra te d  p i c r i c - ac id  w ith  3 0 0 .0  ml o f  M 
sodium hydroxide and d i l u t e  to  2 l i t r e s  w ith  d e m in e ra lis e d  
w a te r  ( i n  dark  b o t t l e s ) .
N e u tra l  c r e a t in in e  standards
A stock s o lu t io n  c o n ta in in g  1 0 0 .0  mg &f c r e a t in in e  per 1 0 0 ,0  ml 
o f  0 .1  M HG1 n e u tr a l is e d  w i t h  an equal volume o f  0 .1  M NaOH 
and d i lu te d  w ith  d e m in e ra lis e d  w a te r  to  prov ide standards o f  
0 . 5 ,  1 .0 ,  2 .0 ,  *+.0, 6 .0 ,  1 0 .0 ,  1 5 .0  and 2 0 .0  mg per 1 0 0 .0  m l,  
Prepare f r e s h ly .  ...
Method
R otor tem perature : ambient
(W ith  s a t is f a c t o r y  heat t r a n s f e r  in  a l l  r e a c t io n  c a v i t i e s ,  a 
r o to r  s e t t in g  o f  30°C w ith  preheated reagent (36°C ) g ives  
g re a te r  s e n s i t i v i t y )
Sample b lank req u ire d  
F i l t e r  s 510 nm
Reagent Syringe N° Syringe R otor P o s it io n
and c o lo u r  s e t t in g  in n e r  o u te r
(m l)
Sample  ^ 10 (black) 0.7 60
Sample “ 9 (white) 0.7-   60
Buffer diluent 8 (grey) 1*5 60
Buffer diluent 7 (purple) 1.5   60
Alkaline picrate 6 (blue 1.6   7-9
5 (green) 1.6 33
Colorimeter _____ ;__________  ;__  17 17
G lucose
Reagents,
Diluent
Dissolve 32.0 g of anhydrous sodium sulphate and 10.0 ml of 
Triton X-100 in demineralised water and dilute to 2 litres.
' Stock tris acid maleate buffer
Dissolve with heat 23-2 g of maleic acid in 250.0 ml of 
demineralised water. To this solution add 27-.2 g of tris 
(hydroxymethyl) methylamine. When dissolved dilute to 1 
litre with demineralised water.
Working buffer (pH 7*0)
Mix ■ 350.0 ml of stock buffer (2) with-7-8 ml of M sodium 
< c 
hydroxide and dilute to 1 litre with demineralised water.
Enzyme colour reagent
Dissolve in working buffer (pH 7.0) 10.0 mg of horseradish 
peroxidase’, add 5*0 ml of Fermcosyme (Hughes and Hughes) or
1.0 g of glucose oxidase (Sigma) and 10.0 ml of a 1.0 g/100.0 ml 
solution of O-tol^idine in absolute ethanol. Dilute to 1 
litre v/ith x^orking buffer solution. Filter through a Whatman 
N°1 filter paper. :
Standards
Aqueous glucose solutions in saturated benzoic acid.
Method
Sample blank not required 
Filter 625 nm
Reagent Syringe N° 
and colour
Syringe
setting
(ml)
Rotor Position 
inner outer
Sample
Sodium sulphate 
diluent
Enzyme colour 
reagent
Colorimeter
9 (white; 0.15
7 (purple) 1.7
6 (blue) 1.7
60
60
50
17
Ivon
Reagents
A ce ta te  b u f fe r  (pH 7-.5)
M ix 1,0.0 ml o f  60 % w /v  sodium a c e ta te  BH^O and 7-0.0 ml o f  
g l a c i a l  a c e t ic  a c id .
Working b u f f e r  (pH 7-.5)
D i lu t e  the a c e ta te  b u f f e r  1 in  10 w i th  10 % urea s o lu t io n  
c o n ta in in g  0 .5  % o f  T r i t o n  X -1 0 0 .
B u ffe re d  as corb ic  ac id
D is s o lv e  1 ,0  g o f  as c o rb ic  ac id  in  1 0 0 .0  ml o f  a c e ta te  b u f f e r .  
Prepare w eekly  and s to re  a t  7-°C. X
' B athophenanthro line  reagent
D is s o lv e  1 0 0 .0  mg o f  7-.7 d ip h e n y l 1 .1 0  -  p h e n a n th ro lin e  
d is u lp h o n ic  ac id  disodium s a l t  in  700 ml o f  d e m in e ra lis e d  
w a te r .
S to c k -s tan d ard  i r o n  s o lu t io n
D is s o lv e  l.hoT- g o f  fe rro u s  ammonium su lphate  6 H^O in  about 
750 ml o f  d e m in era lis ed  w a te r  i n  a l i t r e  v o lu m e tr ic  f l a s k .
To t h is  add 1 .0  g o f  asco rb ic  ac id  and 1 .0  ml o f  co n ce n tra ted  
s u lp h u r ic  a c id  and d i l u t e  to  1 l i t r e  w i t h  d e m in e ra lis e d  w a te r .
Working standards
D i lu t e  0 . 5 ,  1 .0  and 1 .5  o f  the stock standard to  100 ml w i th  1- % 
s o lu t io n  o f  ascorb ic  a c id  in  dem ineralised. w a te r .  T h is  p rov ides  
standards o f 100, 200 and 300 mg/100 ml r e s p e c t iv e ly .
Method
Aqueous 1 in 5 dilution
Kotor temperature : 37°C
Rate of sample 
Blanks required 
Filter
: 300 per hour
Reagent Syringe Ni0 
and colour
Syringe
setting
(vol)
Rotor Position 
inner outer
Sample blank
Sample test
Diluent•working 
buffer
Diluent working 
buffer
Ascorbic acid 
solution
Ascorbic acid 
solution
10 (black) 
9 (white)
O A  ml 
0 A  ml
8 (grey) 1.6 ml
7 (purple) 1.6 ml
6 (blue) 0.5 ml
5 (green) 0.5 ml
Bathophenanthroline
solution A  (yellow) l A  ml
60
60
Water blank 3 (orange) l A  ml
52
53
60
60
52
53
L a c ta te  Dehydrogenase 
Reagents
Diluent (NADHg solution)
D is s o lv e  *+00 mg o f  NADH2 i n  1 l i t r e  o f  0 ,1  M phosphate 
b u f f e r  (pH 7 A)
Phosphate b u f fe r  ( 0 .1  M)
D is s o lv e  *+3*3 g o f  disodium hydrogen phosphate 7 H20 amd 5..28. g 
o f anhydrous sodium dihydrogen phosphate on about 1 , 500 of 
d e m in e ra lis e d  w a te r .  A d ju s t to  pH 7 A i f  necessary and make 
to  a f i n a l  volume o f  2 l i t r e s  w ith  d e m in era lis ed  w a te r .
S u b s tra te  (Pyruvate s o lu t io n )
D is s o lv e  A 16 rag o f  sodium pyruvate* in  1 l i t r e  o f  0 .1  M phosphate 
b u f f e r  (pH 7A). Add 1 .0  ml T r i t o n  X-100  to  1 l i t r e  o f  
s u b s tra te  and mix th o ro u g h ly .
B u f fe r  b lank
To 1 l i t r e  o f  phosphate b u f f e r  s o lu t io n  add 1 .0  ml T r i t o n  X -10 0  
and mix th o ro u g h ly .
Colour reagent (a) 0.0005 M Phenazine methosulphate (PMS)
Dissolve 153.1 mg of PMS in 1 litre of demineralised water.
Store in a dark bottle at A°C (stable for two weeks).
(b ) 0 .0 0 1  M F e r r ic  ammonium su lphate
D is s o lv e  *+82.1 mg o f  f e r r i c  ammonium su lphate . 12 H^0 i n  1 0 .0  ml 
o f  g l a c i a l  a c e t ic  a c id  and d i l u t e  to  1 l i t r e  w i t h  d e m in e ra lis e d  
w a te r .  ' S ta b le  i n d e f i n i t e l y .  . . . . . .
(c )  0 .1  % 2 ,2  D ip y r id y l
D is s o lv e  1 .0  g o f  2 .2  d i p y r id y l  in  3 0 .0  ml o f  g l a c i a l  a c e t ic  a c id  
and d i l u t e  to  1 l i t r e  w ith  d e m in e ra lis e d  w a te r .
Working colour reagent
Mix equal volumes of (a ), (b) and'(c) in a dark bottle. 
This reagent is stable for only a few hours.
Standards
Commercially available enzyme standards or pooled serum 
assayed spectrophotometrically.
Method
Sample blank required 
Filter 520 ± 5 nm
Reagent Syringe N° Syringe - Rotor Position
and colour setting inner outer
(ml)
Sample 10 (black) 0.1 60
Sample 9 (white) 0.1   60
Diluent (NADH^) 8 (grey) 0.5 60 --
Diluent (NADH2) 7 (purple) 0.5   60
Buffer ‘(blank) 6 (blue) 0.5 — ~  50 -
Substrate
(pyruvate) 5 (green) 0.5 • 50
Colour reagent ^ (yellow) 2.0 — -- 35
Colour reagent 3 (organe) 2.0 35--------- --
Colorimeter   10 10
Inorganic Phosphorus 
Reagents
Metabisulphite - Borax (borax 52 mM, metabisulphite 95 mM) 
Dissplve 19*81 g of sodium tetraborate decahydr§te and 18.08 g 
of sodium metabisulphite in demineralised water making up to 
1 litre (stable 3 to b months at ^°c)
Sulphite-Carbonate (sulphite 56 mM, carbonate 396 mM)
Dissolve 7*06 g of anhydrous sod-iurn sulphite and b2.b g of 
anhydrous sodium carbonate in demineralised water and the volume 
made up to 1 litre. Filter if necessary. , (Stable for 3 to 
*+■ months at b° C)
• . A
'
Hydroquinone-Ascorbate (hydroquinone 90 mM, ascorbate 5■■mM) 
Dissolve 10.0 g of hydroquinone and 1.0 g of ascorbic acid 
in demineralised water and adjust the volume to 1 litre (stable . 
"to a" maximum of 2 - 3 days at V°C.
Ammonium Molybdate- (ammonium molybdate b.8 mM in 5 % perchloric
ac id)
Dissolve 6.0 g of ammonium molybdate in 5 % perchloric acid and 
adjust the volume to 1 litre with 5 % perchloric acid (stable 
3 tp f^ months at J+°C)
Standards
Dissolve Vm- mg of potassium dihydrogen phosphate in 7 0 .0 ml 
of demineralised water, add 5*0 ml of M/2 sulphuric acid and 
dilute to 100 ml with demineralised water. This solution 
provides a standard of 10.0 mg per 100 ml which is diluted 
serially for preparation of a standard curve.
Method
Rotor temperature : ambient •
Sample blank not required 
Filter . : 61+0 nm
Reagent Syringe N° Syringe Rotor Position
and colour setting inner outer
. (ml)
Sample 9 (white) C.3 ■ ~ 60
Borax-Metabisulphite • • ' *
(diluent) 7 (purple) 0.8 — - 60
Ammonium molybdate 6 (blue) 0.6 -—  50
Ascorbic acid * 5 (green) 0.2 *+9
Sulphite carbonate h (yellow) 0,5   35
Sulphite carbonate 3 (orange) 1.5   3*+
Coloriraeter _ ______   ■ — - 17
Total Proteins
Rea fronts . ’ ■
Alkaline iodide
Dissolve 1-6.0 g of sodium hydroxide, and 10.0 g of potassium 
iodide in approximately 800 ml demineralised water and adjust 
the volume to 1 litre with demineralised water.
Stock biuret solution
Dissolve **5*0 S sodium potassium tartrate. k H^O in ^00 ml 
of 0.2 M sodium hydroixide. Further dissolve in this solution
15.0 g of copper sulphate 5 H^O and 5.0 g of potassium 
igdide and make up to 500 ml with 0.2 M sodium hydroxide.
Working biuret reagent
Dilute 200 ml of stock biuret solution to 1 litre with alkaline 
iodide solution.
Method
Sample', blanks are not required 
Filter £ 5^0 nm
Reagent Syringe N° Syringe Rotor Position
and colour se^ti^ig inner outer
(white) 0 .2 6 , - 60
(purple) 1.8---------- 60
(blue) 1.8 —  50
-    10
Sample 9
.Diluent (water) 7
Reagent (working
biuret; 6
Colorimeter pickup __
Urea
Reagents
Phosphate buffer pH 6.9 (0.1 M)
(a) ‘ Dissolve 13*609 g of potassium dihydrogen phosphate in 1
litre of demineralised water.
(b) Dissolve 17.*+l8 g of di-potassium hydrogen phosphate in 
1 litre demineralised water. Mix 17,5 ml of (a) with
3 0 .0  ml of (b). ,
For use dilute 1 in 6 with demineralised water.
Urease solution
Dissolve 20.0 mg of Sigma-type 111 urease in 200'ml phosphate 
buffer pH 6.9 ‘
Phenol/Nitro p'russide reagent
Dissolve 10.0 g of phenol and 50.0 mg of sodium nitroprusside 
in 1 litre of demineralised water.
Alkaline Hypochlorite reagent
Dissolve 5.0 g sodium hydroxide in 1 litre 0.11 M sodium 
hypochlorite.
Method
Sample blank not required 
Filter 5^0 - 560 nm
Reagent Syringe N° Syringe Rotor Position
and colour setting inner outer
(ml)
Sample 9 (white) 0.025 — - 60
Buffered urease
diluent 7 (purple) 0.8   60
Alkaline
hypochlorite 6 (blue) l A   >
Phenol nitro~: '
prusside 5 (green) 1.*+   k6
Colorimeter —  — -   10
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BRIEF MOTES
Creatinine assay in the presence of protein
The development of assay methods which do not require protein removal
permits serum to be analysed on high speed discrete automatic analysers without 
manual intervention beyond that of loading and calibration. The difficulties of 
providing such a method for the measurement of serum creatinine appear to be two-
tion of the widely used alkaline picrate (Jafte) reaction for creatinine estimation sug­
gests an approach which not only allows the presence of protein but which may also 
improve specificity without further elaboration.
In his review on creatinine assay procedures, Henry5 states that "Alkaline 
creatinine picrate reaches a maximum colour at a rate dependent on experimental 
conditions whereas the colour resulting from pseudo-creatinine material develops at 
a significantly slower rate” and that advantage may be taken of this to achieve 
specificity.
Addition of alkaline picrate directly to an aqueous dilution of serum results 
in a clear orange yellow solution. Observation of the rate of colour development at 
510 nm shows typically (Fig. 1) a relatively large, seemingly instantaneous, increase 
in absorbance followed by a much more gradual one, the slope of v/hich is closely 
similar to those obtained with aqueous creatinine solutions. It seems therefore that, 
as well as slow reacting non-creatinine chromogens, there are also fast reacting ones 
associated with serum.
Fig. x. Change in absorbance a t 510 nm during creatinine picrate formation. The reactions ol 
aqueous solutions of creatinine containing 0.5 to 10 mg/100 ml are shown as continuous lines. The 
reactions of three test sera (without protein removal) are shown as broken lines.
Data shown in Fig. 1 were obtained by pipetting 3 ml buffer solution pH 11.o 
(50 ml 0.05 M NaHC03+ 22 .7  ml 0.1 M NaOH) followed by 1 ml water (blank) or 1 ml
fold: the problem of protein interference’ and the problem of specificity2-4. Investiga-
1.0 10.0 m g /l00ml
5.0 mg /100 ml
 4 .0m g/l00m l
. 3.2 mg/100ml
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aqueous creatinine solution (standard) or I ml serum (test). Each reaction was then 
carried out in turn by adding i  ml of freshly prepared alkaline picrate solution (equal 
volumes of 0.75 M NaOH and saturated aqueous picric acid) timing the addition with 
a stop watch and mixing for 10 sec on a rotary mixer. After transferring to a i-cm  
cuvette the change in absorbance at 510 nm was measured against the reagent blank 
solution from 60 sec onwards using a pen recorder.
Under these conditions it was found that the rate of increase of absorbance 
was directly proportional to the concentration of creatinine in standard solutions 
ranging from 0.5 mg per 100 ml to 10 mg per 100 ml. B y comparison of the rate of 
absorbance increase of serum samples with that of the standards, serum creatinine 
levels were obtained which agreed with those obtained using Lloyds reagent6 (Table I).
TABLE I
J
SERU M  C R EA TIN IN E CONCENTRATIONS (m g / lO O  ml)
Method using Lloyds reagent Kinetic method
4.0 4.2
0.8 1.0
1-3 o-7
0.9 1.1
2.6 2.6
0.9 1.1
Preliminary investigations with some substances (e.g. glucose, adrenaline, 
ascorbic acid) reported to react with Jaffe reagent have shown that they make little  
or no contribution to colour development during the selected period even at levels 
higher than those usually experienced in serum.
The method outlined should be applicable to automatic machines under the 
conditions described where the analyser has a double reaction rotor and is capable 
of reading simultaneously two samples or has the facility for reading the same tube 
twice or continuously over an interval of time.
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REDUCED NICOTINAMIDE ADENINE DINUCLEOTIDE-COUPLED 
REACTION FOR EMERGENCY BLOOD UREA ESTIMATION
C. J. HALLETT* a n d  J. G. H. COOK
Department o f Pathology, Royal Sussex County Hospital, Eastern Road, Brighton B N 2 5BE, Sussex 
(U .K .)
(Received May 17, 1971)
SUMMARY
A kinetic, NADH-coupled, method is described for the measurement of urea 
in whole blood, serum or plasma. It provides a means for rapid assay of urea which 
correlates well with the AutoAnalyzer diacetyl monoxime method.
INTRODUCTION
There is no general agreement on the most suitable method for the estimation 
of blood urea under emergency conditions. Ideally such a method should combine the 
features of speed, simplicity, precision and accuracy. In some laboratories the Auto- 
Analyzer is used but whilst this has the advantage of maintaining exact continuity 
of method from routine to emergency it is wasteful of reagents and time.
In an attempt to improve the situation Evans1 developed a manual procedure 
involving the same chemical principles but with the disadvantage of limited range 
of linearity. More widely used for the manual estimation of urea are methods involving 
its hydrolysis to ammonium carbonate with urease and subsequent estimation of the 
ammonium ion by diffusion2*3, colorimetry4*5 or pH stat techniques6. Of these, the 
pH stat technique more completely fulfils the requirements for emergency methods 
outlined above but suffers the disadvantage of requiring special equipment which is 
currently not widely available.
This paper describes a method of estimation of urea using urease, glutamate 
dehydrogenase (GDH) and reduced nicotinamide dinucleotide (NADH) in a coupled 
kinetic reaction which is rapid, simple to perform and which correlates well with 
AutoAnalyzer serum urea results below 250 mg per 100 ml. It is based on the method 
of Kaltwasser and Schlegl7.
* Present address: Department of Pathology, Hurstwood Park Hospital, Haywards Heath, 
Sussex (U.K.)
Clin. Chim. Acta, 3 5 (1971) 33~37
34 HALLETT, COOK
Principle
Ammonium ion is necessary for the enzymatic synthesis of glutamate from 
a-oxoglutarate by NADH-dependent GDH. In this method, the ammonium ion is 
produced by the urease-induced hydrolysis of urea, the overall reaction being repre­
sented by the following equation: ;
COOH COOH
I : I
CO c h n h 2
CH, +  NADH +  NH*+ GDH CH„ +  NAD+ +  H 20
I > -I .
CH2 (from urea) CII2
I l
COOH COOH
a-Oxo glutaric acid L-glutamic acid
The rate of oxidation of NADH, determined spectrophotometrically by the rate 
of decrease of extinction at 340 nm is dependent on the concentration of ammonium 
ion, and hence on the concentration of urea originally present, the relationship being 
linear over the range 0-250 mg% using the procedure described below. -
METHOD - / ’
Reagents
1. 0.066 M phosphate buffer pH 7.6 used throughout.
2. a-Oxoglutarate 25 ^mole/ml phosphate buffer. (Stable 1 month at 40).
i 3. Urease, i  mg/ml, Sigma type III in glycerol water (1:1). (Stable 1 month at
4°)’ : • • ' ^  : : .
< 4. NADH, 15.0 ^mole/ml phosphate buffer. (Stable at 40 for 3 days with only 
slight lowering.of the initial absorbance and no alteration in its rate of oxidation of the 
same standard solution). . .
• 5 ..GDH in stabilised solution/supplied by Boehringer, Glu-DH-S. 15324,10 mg
protein/ml. (Stable at least 3 months at 40).
1 6. Urea, standards containing 25, 50, 100, 150, 200, 250 mg urea per 100 ml 
water. \ ■: . tr.y. [ ■ -• ; -
Procedure - ^ > ■ ; ' .
di-xOne1 tenth ml sample (serum, plasma or whole blood) or aqueous standard is. 
diluted with 1 ml of phosphate buffer and thoroughly mixed; 0.1 ml of this dilution i s , 
pipetted int.o a i-cm  silica cuvette containing 2.6 ml phosphate buffer, 0.1 ml oxo- 
glutarate, 0.1 ml urease, 0.05 ml NADH and 0.05 ml glutamate dehydrogenase. After 
mixing with a paddle the decrease in extinction at 340 nm is measured between 2 and; 
7 min at ambient temperature (about 20°) using an ultraviolet spectrophotometer.
Results
To establish the optimum assay conditions an aqueous urea standard of 150 mg 
per 100 ml was estimated by the above procedure, varying the concentrations of each 
off the reagents in turn. The results obtained with urease, a-oxoglutarate and pH were 
similar to those of Kaltwasser and Schlegl7. The effect of varying the concentration of-
cfmf tUm':-Am, 35f(i97i)
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one minute intervals
Fig. i .  Effect of GDH concentration on the time course of NADH oxidation during NADH- 
dependent urea estimation. Conditions as described under procedure.
0.06-
0.05
20 30 35 40
Temperature (°C)
Fig. 2. Effect of tem perature on initial velocity of NADH-dependent urea estimation. Conditions 
as described under procedure.
GDH was studied. The lag phase observed by Kaltwasser and Schlegl was found to  
diminish as the concentration of GDH increased and finally disappeared (Fig. i) .
The effect of varying temperature is shown in Fig. 2 where it is seen that there 
is a sharp decline in rate of reaction between 40° and 450.
The conditions finally chosen were such that they allowed measurement of urea 
over a sufficiently wide range of concentration to satisfy most clinical requirements.
Standard curve
Using the procedure described above, the rate of NADH oxidation was found 
to be proportional to the concentration of urea in the aqueous standards up to 250 mg 
per 100 ml.
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Calculation of results
If strict control of the reaction conditions is maintained the results may be 
calculated from a previously prepared calibration curve or a factor derived from it. 
Alternatively a control standard may be assayed with each unknown and the result 
calculated. The use of a control standard in this way compensates for any slight 
deviations from the recommended procedure.
Precision of the method
The precision of the method was calculated from the results of replicate analyses 
on each of three samples of serum with widely differing urea levels and results shown 
in Table I.
TABLE I
R EPRO D U CIBILITY  O F TH E METHOD
No. o f replicates .Mean (mg % urea) Standard deviation Coefficient o f variation %
20 29.6 ± i -9 i t  6.5
20 150 ±  5-o ±  3-3
20 269 ±  2.8 ±  1.04
Comparison with the Auto Analyzer
A hundred sera were assayed by both the AutoAnalyzer (diacetyl monoxime) 
and the kinetic methods and the results are shown in Fig. 3. The mean serum urea 
value by the AutoAnalyzer was 62.8 mg/100 ml and by the NADH-coupled reaction 
61.3 mg/100 ml. The correlation coefficient between the two sets of results was 0.997.
2 5 0 -
2 2 0 -
190-
160-
130-
E 1 0 0-
90-
80-
60-
.50'
g5 40-
30-
20-
10-
O 10 20 , 30 40 50 60 70 80 90  100 130 160 190 220 250 
; mg % urea by auto analyser m eth od ------►»
Fig. 3. Comparison of the enzymic method w ith the AutoAnalyzer method. 
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DISCUSSION
Kaitwasser and Schlegl’s original study of the NADH-dependent coupled 
enzymic reaction has been investigated for the quantitative estimation of urea at the 
levels met with in clinical medicine. This method of urea analysis is suited for emer­
gency situations by virtue of its speed, precision and close agreement with the Auto­
Analyzer method. A comparison of cost and assay time for this and other methods 
is shown in Table II.
TABLE II
COST AND TIM E COMPARISON
Method Cost
pence
Time per test 
min
Proposed kinetic method 4-3 15
Urease -f- phenol/hypochlorite reagent 2.1 30 a t 56°
20 a t 370 C
Urease-{-Nesslers reagent 0.2 35
Diacetyl monoxime 1.2 20
U rastrat 4-5 35
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SUMMARY
Tolazamide and tolbutamide were found to interfere with the determination 
of blood glucose by the method of Boehringer GOD-PERID and a glucose oxidase, 
peroxidase method using o-dianisidine as the oxygen acceptor chromogen. Tolazamide 
produced falsely low blood glucose results and the decrease was significant at tolaza­
mide levels of 5 mg/100 ml if the sample was not processed through a protein precipi­
tation procedure employing either a heavy metal or alkaline zinc salts. Dialysis did 
not remove the drug on the Auto-Analyser.
Tolbutamide produced a false increase in blood glucose but at the expected 
blood levels of this drug its effect would be minimal.
Attempts have been made to establish where in the reaction sequence, tolaza­
mide interfered. Evidence was found that this substance is a competitor for the oxy­
gen liberated by peroxidase.
INTRODUCTION
In a batch of routine blood glucose analyses carried out using the Boehringer 
GOD-PERID Auto-Analyser method, i t  was observed that one sample produced 
a negative peak. At this time dialysis was used for protein removal. On another oc­
casion a specimen from the same patient was analysed by the same method and a 
blood glucose level of 30 mg/100 ml was obtained. Using the copper reduction method 
of Haslewood and Strookman1 the same sample gave a result of 64 mg/100 ml. In our 
experience the two methods usually agree closely unless other reducing sugars are 
present in significant amounts. On enquiry it was discovered that this patient, a 
mild diabetic with a degree of renal insufficiency, was being treated with the sul- 
phonylurea tolazamide. It was then found that addition of tolazamide to an aqueous 
solution of glucose produced a similar depression of baseline.
This paper deals with the preliminary investigation of the effect of the sul- 
phonylureas on blood glucose determinations and includes the effect of tolazamide 
and tolbutamide on the enzymic methods of Boehringer utilising 2'2-diazo-di (3 ethyl 
benzthiazoline-6-sulphonic acid) (ABTS) as the oxygen acceptor chromogen and a 
method using o-dianisidine as the oxygen acceptor chromogen.
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MATERIALS AND METHODS
Tolazamide', a pure preparation was supplied by Upjohn Limited*. This was 
used to eliminate the possibility that the interference was due to the additional con­
stituents of the pharmaceutical tablet.
Tolbutamide: pharmaceutical tablets were used.
These drugs are insoluble in water and were therefore dissolved in hot i.o  M 
hydrochloric acid. The pH was then adjusted to 7.0 using 1.0 M sodium hydroxide. 
Tolazamide solution decomposed on standing at room temperature for two to three 
days and produced a brown evil-smelling compound. At 4 ° this solution was stable 
for only slightly longer and therefore was prepared freshly every two days.
D-Glucose A .R .: aqueous solutions were diluted with tolazamide and tolbutamide 
solutions to produce required concentrations.
Peroxide substrate: was prepared from hydrogen peroxide (A.R.) 100 volumes, 
(30% w/v) by diluting 3 parts in 10000 parts deionised water. This solution was 
approximately equivalent to the amount of peroxide produced by glucose oxidase 
from 50 mg/100 ml glucose assuming full conversion.
Protein precipitating reagents: . •
(a) Copper sulphate/sodium sulphate reagent: 18 ml 7% w /v copper sulphate 
(CuS04-5H20) was mixed with 192 ml 3% w /v sodium sulphate (Na2S04-ioH 20).
(b) Tungstate reagent: io .o g  sodium tungstate (Na2W 0 4-2H20 ) in 100 ml 
deionised water.
0.1 ml sample was added to 1.7 ml copper sulphate/sodium sulphate reagent. 
0.2 ml of tungstate reagent was then added and mixed. After centrifugation the 
supernatant was used for analysis.
Boehringer GOD-PERID method: this was adapted for the Auto-Analyser and 
required two reagents:
(a) Glucose oxidase/Peroxidase/A.B.T.S. reagent: prepared as recommended.
(b) Saline diluent: 9.0 g sodium chloride (A.R.) dissolved in 1 1 deionised water 
to which 0.5 ml Brij 35 is added.
Protein precipitation was substituted for the dialysis described in the original 
method published by the Boehringer Corporation.
Glucose oxidase j Peroxidase J O-dianisidine method: ■
(a) Stock buffer -  Tris-maleate: 23.2 g maleic acid was dissolved in 250 ml 
deionised water on heating. 24.2 g Tris (hydroxy methyl) amino methane was added 
and the volume made up to 11.
' (b) Working buffer pH 7 .0 :4 8  ml 1.0M sodium hydroxide was added to  
250 ml stock buffer and diluted to 11 with deionised water.
(c) O-dianisidine reagent: 35 mg o-dianisidine was dissolved in 2 ml methanol 
and made up to 200 ml with working buffer.
(d) Peroxidase reagent: 10 mg peroxidase (Hughes and Hughes) ** was dissolved 
in 200 ml working buffer.
(e) Glucose oxidase reagent: 5 ml Fermcozyme (Hughes and Hughes)** was 
diluted to 100 ml with working buffer and filtered.
* Upjohn Limited, Crawley, Sussex.
* * Hughes and Hughes (Enzymes) L td., Brentwood, Essex.
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For glucose estimation 2 ml of o-dianisidine reagent was mixed with 2 ml 
peroxidase solution and 1 ml glucose oxidase reagent. 50 /d of sample was added to 
this and incubated at room temperature for 20 min, the final colour being read at 
484 nm on a Vitatron colorimeter. When peroxide was used as the substrate Ferm- 
cozyme was omitted.
RESULTS
Effect of tolazamide on the Boehringer GOD-PERID Auto-Analyser method
Using a range of tolazamide levels it was observed that at 5 mg/100 ml tolazamide 
(a level which might be reached in patients receiving therapy with this drug) there 
was a depression of the expected'absorbance by 28% (Fig. 1) if a heavy metal protein 
precipitation procedure was not employed. After protein precipitation by the method 
described a decrease of only 2.2% was observed.
Using a range of glucose concentrations, each containing 10 mg/100 ml tolaza­
mide it was observed that those samples not treated by protein precipitation con­
stantly produced results 30 mg/100 ml too low (Fig. 2). Those samples treated by
  Glucose
X——X' Glucose plus tolazamide after 
protein precipitation 
+— + Glucose plus tolazamide without 
protein precipitation
X Glucose standards ( to la z q m i^ '
O Glucose standards plusZafter 
protein precipitation ■ '
+  Glucose standards plus tolazamide 
without protein precipitation175
g100 
P  75
3  5 0
25
Glucose. (mg /1 0 0  ml)
20  30  4 0  5 0  6 0
Tolazamide (m g /1 0 0 m l)-
Fig. 1. Effect of different tolazamide levels on the Boehringer GOD-PERID method before and 
after heavy metal protein precipitation.
Fig. 2. Effect of tolazamide on different glucose levels before and after heavy m etal protein 
precipitation.
protein precipitation also gave falsely low results, but in these cases the decrease 
was dependent on the glucose concentration. A 12.5% fall in blood glucose was 
observed at the 200 mg/100 ml level and a 24% fall was observed at the 25 mg/100 ml 
level. Thus the percentage fall decreased with increasing glucose concentrations. It 
seems clear that protein precipitation with heavy metals or alkaline zinc salts is 
essential in this method thereby obviating the need for dialysis.
Effect of tolazamide on the enzymic o-dianisidine method (Fig. 3)
It was found that tolazamide interfered in two ways with this method. Firstly it 
reacted directly with o-dianisidine producing a significant blank and secondly it
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interfered with the reaction sequence resulting in a lower final absorbance. Protein 
precipitation was not employed with this method and at tolazamide levels of 5 mg/100 
ml, 10 mg/100 ml; 50 mg/100 ml, the final colour intensity was depressed by 4.5%, 
10.5% and 50% respectively.
Effect of tolbutamide on the enzymic Boehringer method (Fig. 4)
Tolbutamide at any level did not depress the final colour intensity. It interacted
0.260
0.240
0.220 
0.200 
4,0.180 
c  0.160
1 0.140
8 0.120 
< •0.100 
0.080  
0 .060  
0.040  
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Opticol density produced by SOmg/lOOnnl glucose
"+ Tolazamide plus 5 0 m g /l0 0 ml 
X Glucose tolazamide
X Without? protein precipitation" 
+  With protein precipitation
130 15010 20  3 0  4 0  5 0  6 0  70 75 10 30 5 0  70 9 0  110
Tolanase (ma/lOOml) Tolbutamide (m g/100m l)
Fig. 3: Effect of different tolazamide levels on the enzymic o-dianisidine method w ithout protein 
precipitation.
Fig. 4. Effect of different levels of tolbutam ide on the Boehringer G OD-PERID method before 
and after heavy metal protein precipitation.
with the A.B.T.S. chromogen producing a significant blank colour. On the Auto- 
Analyser this obviously increased the result obtained but the increase due to a 
tolbutamide level of 5 mg/100 ml was only about 2%.
Effect of tolbutamide on the enzymic o-dianisidine method (Fig. 5)
Tolbutamide produced increased blood glucose results with this method, again 
because of direct interaction between drug and chromogen producing a raised blank. 
At a tolbutamide level of 5 mg/100 ml the increase in absorbance was also about 2%.
To evaluate the mechanism by which tolazamide interferes
In the first instance it was established that tolazamide interfered with the 
second stage of the reaction involving peroxide, peroxidase and A.B.T.S. This was 
shown by using glucose and peroxide separately as substrates, omitting Fermcozyme 
from the peroxide test, and observing a similarly reduced absorbance in both when 
compared to a reference sample in which the colour was developed without addition 
of tolazamide. Four remaining sites of interference were then considered:
(i) direct interference with peroxidase;
(iiy complexing of tolazamide with peroxide preventing the action of peroxidase;
(iii) the possibility that tolazamide may be acting as a non-chromogenic oxygen 
acceptor competing successfully for available oxygen;
(iv) the ability of tolazamide to : complex with the oxygen acceptor chromogen, 
blocking the oxygen binding sites.
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B y the addition of a standard amount of peroxide to test mixtures containing 
serially increased peroxidase concentrations, a corresponding increase in the final 
absorbance would be expected if tolazamide exerted its effect on peroxidase. No such 
increase in absorbance was found (Fig. 6). From the above data it may also be in­
ferred that tolazamide does not form a complex with peroxide since increased levels 
of peroxidase should complete more effectively for available peroxide.
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8 0.160 
< 0.120 
0.030  
0 .0 4 0
X Tolbutanide plus peroxide 
+  Tolbutanide only0.400
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3  2-1 ie. effect on tolazamide 
1
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Fig. 5. Effect of tolbutam ide on the enzymic o-dianisidine method.
Fig. 6. Effect of different peroxidase levels on tolazamide interference.
To distinguish between (iii) and (iv) all the reagents used were at fixed concen­
trations except the oxygen acceptor chromogen (in this case o-dianisidine) which was 
arranged in serially increasing concentrations. When the results were plotted graph­
ically (Fig. 7) and the absorbance from the control solutions containing to tolaza­
mide were substracted from the corresponding absoibancies of those solutions con­
taining that substance, a proportional increase in final colour intensity with increased 
chromogen was apparent. There are two possible explanations of this finding (1) If 
tolazamide had combined with chromogen, provision of an excess of the latter would 
ensure completion of the reaction. If this was the case, a sharp increase in absorbance
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1 Without tolazamide
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Fig. 7. Effect of different levels, of oxygen acceptor chromogen on tolazamide interference.
Fig. 8. Effect of tolazamide on the reaction rate curve of the Boehringer G OD -PERID  method.
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would be expected only at the higher concentrations of chromogen; (2) If tolazamide 
is a competitor for nascent oxygen, increasing the chromogen would by mass action 
improve its chances of competing with tolazamide. In this case there would be a 
steady rise in absorbance even at the lower part of the concentration plot. The results 
obtained suggested the latter mechanism. Additional evidence for this was obtained 
by comparing the reaction rate curves of solutions with and without tolazamide 
(Fig. 8). The initial lag phase of the solution containing tolazamide suggested that 
the drug was successfully competing for available oxygen and the reaction could only 
proceed after most of the tolazamide was oxygen saturated.
d i s c u s s i o n  -
The circumstantial evidence that tolazamide is an oxygen acceptor suggests 
that to minimise interference from such compounds an oxygen acceptor chromogen 
with a high oxygen affinity and oxygen capacity should be used in enzymic blood 
glucose methods. This would necessitate a comparison, of the present oxygen acceptor 
chromogens. Further studies are now under way to establish (i) whether other sul- 
phonylureas interfere with the reaction; (ii) the relationship between blood sul- 
phonylurea levels and the degree of interference; (iii) the relative efficiency of a range 
of protein precipitants in the removal of tolazamide; (iv) the relative oxygen affinities 
and capacities of other chromogens.
In the meantime where patients are under treatment with tolazamide, b'lood 
samples for glucose determination by enzymic methods should be pre-treated with 
either heavy metal protein precipitants or alkaline zinc salt protein precipitants. 
Even.with this precaution there may still be a serious problem in diabetics with 
concomitant renal disease. For these patients it may be better to use completely 
different techniques or possibly to encourage the use of alternative drugs such as 
tolbutamide which does not appear to interfere to the same extent.
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